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ABSTRACT

EMERGENCE OF RESEARCH AND INNOVATION ACTIVITIES IN THE
CHEMICAL INDUSTRY AT THE BEGINNING OF THE TWENTIETH
CENTURY: THE CASE OF 1G FARBEN AND DU PONT

Dogan, Muhsin

Ph.D., Department of Science and Technology Policy Studies

Supervisor: Assoc. Prof. Dr. ibrahim Semih Ak¢omak

April 2018, 243 pages

In the 19th Century, after constant investments by governments and private
sector to Chemical industry, Germany and the USA rised in terms of technological
leadership, technological infrastructure and human capital for a long period. In
these countries, there had been their own unique National Systems of Innovation.
Thanks to this process, two giant chemical firms - 1G Farben in Germany and
DuPont in the US have come to existence.

Each of these firms had successful innovation paths throughout their history.
Their innovation performance in synthetic chemicals clearly demonstrates the
vital importance of a sound, solid National Innovation System. However, coming
to the 1940s, it is striking to see how these two giant technology firms entered into
the service of political/bureaucratic authorities and how science and technology
were affected by these circumstances. Therefore, the dissertation argues that two

cases are different in three main aspects: research design of companies (centralized

iv



vs. decentralized decision making), policy differences (applied vs. fundamental

research), and driving forces of research (market-driven vs. science-driven research).

The principal purpose of the dissertation is to clarify these points. The first aim is to
understand and then describe similarities and differences via analyzing innovation
and learning process in 1G Farben and DuPont between 1925 and 1945. The second
aim is to explain the patterns of innovation and learning for innovation and
technology studies with the help of comparative historical case study. Therefore,
the dissertation predominantly focuses on pre-war and war periods to shed light
on the effects of authoritive figures on chemical sector during the war period.
Innovation activities of both firms during the war period will be examined in detail

with the assistance of archival data and historical documents.

Keywords: History of innovation; emergence of chemistry; innovation systems;
chemical industry; World War 11.
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YIRMINCI YUZYIL BASLARINDA KiIMYA ENDUSTRISINDE ARASTIRMA VE
YENILIK FAALIYETLERININ ORTAYA CIKISI:
1G FARBEN VE DU PONT VAKA INCELEMESI

Dogan, Muhsin

Doktora, Bilim ve Teknoloji Politikas: Caligmalar1

Tez Danigmani: Dog. Dr. ibrahim Semih Ak¢omak

Nisan 2018, 243 sayfa

19. Yiizyilda, hiikiimetlerin ve 6zel sektoriin yardimiyla, Kimya sektoriine yapilan
stirekli yatirnmlarin etkisinde Almanya ve ABD, teknolojik liderlik, teknolojik altyap1
ve insan sermayesi a¢isindan uzun bir siire boyunca bu sektorde liderlik konumuna
sahip olmustur. Bu tilkelerin kendine 6zgii Ulusal Yenilik Sistemleri sayesinde, iki
dev kimya firmasi ortaya ¢ikmistir - Almanya'da 1G Farben ve ABD’de DuPont.

Her iki firma, tarih boyunca basarili bir inovasyon Oriintiisiine sahiptiler. Bu
firmalarin sentetik kimyasallardaki inovasyon performanslari, saglam bir Ulusal
Inovasyon Sistemine sahip olmanin énemini agik¢a gostermektedir. Ancak 19401
yillara gelindiginde, bu iki dev teknoloji firmasinin nasil siyasal / biirokratik
otoritelerin hizmetine girdiklerini ve bilim ve teknolojinin bu durumdan nasil
etkilendigi gérmek carpicidir. Bunedenle, bu doktora tezi, bu iki firmanin {i¢ temel
acidan farkli oldugunu 6ne siirmektedir. Bunlar: sirketlerin aragtirma tasarimlar

(merkezi ve merkezi olmayan karar verme), politika farkliliklari (uygulamali ve/veya
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temel arastirmalara yonelik se¢imleri) ve arastirmalarinin odagi (pazar odakli veya
bilim odakli).

Tezin ana amaci, bu iki vakada temel farkliliklari ve benzerilikleri agikliga
kavusturmaktir. Buradan hareketle ilk olarak, 1925 ve 1945 yillar1 arasinda 1G
Farben ve DuPont firmalarindaki inovasyon ve 6grenme siirecini analiz ederek
benzerlikleri ve farkliliklar1 anlamak ve tanimlamak amaglanmustir. ikinci olarak
ise, tarihsel karsilastirmali vaka incelemesi yontemiyle firmalarin inovasyon ve
ogrenme oOriintiilerini a¢iklamak amaglanmistir. Bu nedenle, bu ¢alisma agirlikli
olarak savas donemi boyunca kimya sektorii tizerinde s6z sahibi olmus yetkililerin
etkilerine 151k tutmak i¢in savas 6ncesi ve savag donemine odaklanmaktadir. Savas
doneminde firmalarin inovasyon faaliyetleri, arsiv verilerinin ve tarihsel belgelerin

yardimiyla ayrintili olarak incelenecektir.

Anahtar kelimeler: Inovasyon tarihi; kimyanin ortaya ¢ikisi; inovasyon sistemleri;

kimya endiistrisi; Iknci Diinya Savasi.
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CHAPTER1

INTRODUCTION

“The desire to put mankind into the saddle is the mainspring of most economic theory”

Alfred Marshall - 1999

“Economic theory is related to the practical activities of economizing men in much the same way that
chemistry is related to the operations of the practical chemist. Although reference to freedom of the
human will may well be legitimate as an objection to the complete predictability of economic activity,
it can never have force as a denial of the conformity to definite laws of phenomena that condition the
outcome of the economic activity of men and are entirely independent of the human will.”

Carl Menger - 1871

“Most of the fundamental errors currently committed in economic analysis are due to a lack of historical
experience more often than to any other shortcoming of the economist’s equipment.”

Joseph A Schumpeter - 1954

“This essentially subjective character of all economic theory, which it has developed much more clearly
than most other branches social science but which I believe it has common with all social sciences in
narrower sense, is best shown by a closer consideration of one of its simplest theorems, eg., the “law of
rent.”

Friedrich von Hayek - 1955

When Homo Sapiens began to cooperate and collaborate with others, our primitive
material world theoretically began to shape our modern world (Harari 2015). The
question of how humanity-controlled material world is the central notion that
has shaped modern economics. In the Wealth of Nations in 1776, Adam Smith
revealed his passion to understand systematically the non-mechanical actions of
the material world. How society works and why individuals act to produce wealth
were the main themes of his book. Just before Adam Smith, Richard Cantillon had
a distinctive approach to understand the economic activity of the material world.
In his famous book, -Essai- (Essay on the Nature of Trade in General, 1775), Cantillon

proposed groundbreaking ideas on the importance of entrepreneurship. According
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to him, entrepreneurs act and survive in a system characterized by uncertainty. In
that time, the central point was that individual relations and institutions determine
industrial relations. Both Cantillon’s entrepreneurship and Smith’s spontaneous order
are leverages to understand the nature of wealth at the macro level and industrial
relations at the micro level. These two books shaped one of the central questions

of economics: “Why some countries are rich and the others not?”

The problem was analysed in different disciplines of social sciences like history,
political science, anthropology, and economics. In answering this question,
historians attempt to examine the determinants of economic change in different
countries. An economic historian, Mokyr, for instance proposes that “the difference
between rich nations and poor nations is not, as Ernest Hemingway said, that the rich have
more money than the poor, but that rich nations produce more goods and services. One
reason they can do so is because their technology is better; that is, their ability to control
and manipulate nature and people for productive ends is superior” (Mokyr, 1990: 9).
Like Mokyr, other historians have tried to examine the divergence between countries
-and even continents- providing historical data (Clark, 2007; Jones, 2003; Landes
& Rogers D Spotswood Collection, 1998; Pomeranz, 2000). In a similar manner,
Paul Kennedy studied the political and imperial roots of change in the context of
economics. His analysis spotlights the era between 1500 and 2000 to investigate
the very same question mentioned above (Kennedy 1987). The economic change
between regions and countries was also analysed by environmental determinists
like Jared Diamond. Diamond proposed “another one, popular with inhabitants of
northern Europe, invokes the supposed stimulatory effects of their homeland’s cold
climate and the inhibitory effects of hot, humid, tropical climates on human creativity
and enerqy. Perhaps the seasonally variable climate at high latitudes poses more diverse
challenges than does a seasonally constant tropical climate. Perhaps cold climates require
one to be more technologically inventive to survive because one must build a warm home
and make warm clothing, whereas one can survive in the tropics with simpler housing
and no clothing” (Diamond, 1997: 47). The question of economic change has been
a central research topic for the last 250 years since its first introduction by Smith.
The much more down to earth form that tries to answer why some countries
rich while others are poor necessitates a much deeper look that dwells upon the
mechanisms. While the macro perspective presents various evidence on the usual
suspects i.e., human capital, physical capital, geography, culture etc. it still lacks a
sufficient understanding on the actual mechanism. Thus, while we know quite a lot
regarding why some countries are rich (i.e., identifying indicators) the question of

how (i.e., identifying mechanisms) is still a fertile soil.
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1 will use evolutionary and institutional perspectives in this dissertation to dwell
upon the “how and why” questions. The first perspective uses the term evolution
that comes from biology to understand the puzzle of change. The main idea is to
explore and comprehend the nature of change using biological concepts like variety,
adaptation, source of variety, and selection. Evolutionary theorists additionally think
that economic development and growth of firms are shaped by industrial relations
and innovative activities of firms (Basalla 1988; Dosi 1984a; Nelson and Winter
1982; Schumpeter 1934). Nelson and Winter (1982) widely used these concepts to
understand the predictable patterns of firms, which they call routines. Originally,
Schumpeter tries to understand interdependencies, competition, structural change,
and resource constraints with the help of mainstream economics’ tools (Schumpeter
1934). In this perspective, the main aim is to use organizational and institutional
structures in analysing industrial relations benefitting widely from evolutiontionary
aspects. The latter perspective 1 will benefit hinges on the concept of “institutions”.
All societies have formal institutions that are constructed by government and
informal ones emerged by actions of society. The formal institutions are closely
related to organizations (Ministry of Science and Technology, universities,
etc.). It can be implemented and constructed by authorities, governments, and
states. The latter covers a broad meaning. Hayek’s institutions widely emerged
from unintended consequences of human action (Hayek 2012b). In addition to
Hayekian view, Douglas North defines institutions as “rules of the game” and also
organizations as “player in the game” (North 1990). Emerged systems or orders
might be affected by organizations; however, institutions evolve during time with
the help of complex social systems. For instance, there are economic institutions
like competition or patent laws that affect the performance of the individual firms
thus the whole economy. As Acemoglu puts it: “Economic institutions shape economic
incentives: the incentives to become educated, to save and invest, to innovate and adopt
new technologies, and so on. It is the political process that determines what economic
institutions people live under, and it is the political institutions that determine how this
process works” (Acemoglu & Robinson, nd, p. 140). According to this view, there is
a strong relationship between political and economic institutions, and economic
performance. Moreover, institutions are vital to understand how economic change
occurs. As we have seen above, mainstream economics is not sufficient to answer
the famous question on why some countries are rich but others are poor. As
suggested the mainstream theory was useful to identify the indicators that affect
economic change but a multi-perspective approach is needed to identify the actual

mechanisms. Thus, evolutionary and institutional perspectives illuminate the main



structure of this thesis that looks at the sources of economic differences in a much

more micro perspective.

Why do evolution and institutions matter? On the one hand, institutions can
affect productivity and innovation by changing the rules of the game and the
incentive mechanism. This can be viewed as a direct effect of institutions on
industrial dynamics. On the other hand, institutions can affect economic growth
and development indirectly through its role on industrial dynamics. For a deeper
understanding of the exact mechanisms and their roles, evolutionary perspective is
useful. The thesis initially focuses on the differentiation of economic and political
change in two cases. The historical cases will help to comprehend the innovative

and economic achievements of the two cases.

Germany and USA are selected to understand some important questions in the
literature. Those might be grouped in research and innovation activities of
chemical sector. The countries are selected according to some criteria as mentioned
in Methodology Chapter. In addition, some questions like: The question about
difference across countries may be framed by focusing on specific industries. For
instance, how did Germans establish first R&D Laboratories in their state? Or how
did USA make innovations for chemical sector thanks to DuPont? Answers for those
questions are not easy; however, they can be explained by comparing countries
and firms in several aspects. Chemistry sector is classified as a science based sector
or generic sector. Importance of those sectors can be founded by understanding
the foundation of the sector. Furthermore, definition of sector covers many actors
like universities, research institutes, firms, NGOs, and governments. This means
that each individual unit should be analysed or at least included in the analysis.
In the cases of Germany and USA, by only looking at two giant firms -1G Farben
and DuPont- one can get sufficient information about the sector. They are giant
firms, which have big organizational structures, employ many chemists, and have
sophisticated research capabilities in their homeland etc. Therefore, by using the
evolutionary and institutional perspective, the foremost purpose of this chapteris to
analyse the cases of 1G Farben and DuPont specifically focusing on their innovative
activities. Understanding the nature of economic change in these micro units may
help us to comprehend the dynamics of industrial change better. Therefore, this
chapter has an excessive role that grasps the evolution of change in 1G Farben and
DuPont during 1925-45.

In this dissertation, chemical sector was chosen due to the fact that it is general-



purpose technology that spreads its knowledge and inventions over all industrial
sectors in the market'. According to Delorme, innovative activities are intense in
chemistry corporations®. Moreover, chemistry can be seen as the main promoter
in industrial production due to its side effects and externalities on the economy. 1
will focus on the period and I intentionally chose to eliminate divergent conditions
and to standardize circumstances for two countries. As known, the two countries,
Germany and the US, entered the War as great powers. Hence, two giant chemical
companies were selected to examine what were the differences and similarities in

innovation and learning activities.

There are three important points in this thesis in terms of innovation studies
literature. The first is size of the firms affected their market strategies. They needed
to join international competition for gaining advantage. Nowadays, this situation
has been called as Global Value Chain. In this case, 1G Farben and DuPont had
benefited from those “value” chains deceptively. The second point is related to
evolutionary aspects of the cases. For those companies, evolutionary factors such
as variety, dynamism etc. can be observed as a Schumpeterian concept. According
to this concept, 1G Farben and Du Pont conducted their business in adopting other
business areas via merging in order to make variety of products. These concepts are
examined with the help of profitability of firms while doing business in the market.
The last point is type of conducting research activities in both company. This
means that both companies and countries had highly benefited from innovation
ecosystems or environment that founded promoting innovation in terms of
“system approach” to innovation. Innovation activities were examined accordance
with Nelson and Rosenberg (1993) and also Freeman and Soete’s (1997) ideas. Under
the guidance of the literature, this chapter will try to analyse and answer several
questions what about the differences/similarities regarding the foundations of
innovation between 1G Farben and DuPont are? Were there differences in terms
of the role of learning? How did external factors such as war, political conditions,
economic system, and economic policies interact with the learning process and

innovation process?

1.1 Motivation of the dissertation

The main motivation of writing this dissertation is to clarify main factors that affect

the innovation and R&D performance of two companies in two different continents.

1 Freeman & Soete, 1997

2 Delorme, 1962



In the current literature, research emphasize emerging of chemical industries and
their economic situations (Aftalion 1991; Haber 1971; Homburg, Travis, and Schréter
1998; Reader 1970). At this point, how science heritage, background of countries,
economic relations, and structure of firms affect the innovation and R&D inside
the companies is a good starting point. In this way, one can at least understand the
scope in which sectors emerge and firms flourish. Then within this context, two
big and successful companies are selected to make a comparison with respect to
their innovation activities. This is vital to understand how firms evolve and adapt
to achieve success in different context. In this dissertation, the cases of DuPont and
1G Farben reflect how successful “research stories” can be realized in various paths

of successful innovative activity.

Scope of the dissertation is limited with the date which covers the foundation of 1G
Farben, 1925 and end of the World War 11, 1945. Within this scope, factors that affect
the research and innovation in the cases are explained in both macro and micro
view. First of all, institutional and evolutional change is traced through macro
historical view. Hence, heritage and paths of two countries is examined in detailed.
Afterwards, in the micro analysis unit, in our case; firms, is examined in detail to
understand how mechanisms, routines and sense of research emerged and evolved.
The data which comes from archives and secondary sources are meticulously
examined to give a deeper understanding of differences in organization and

organizing research activities.

1.2 Research Question of the Dissertation

By examining and comparing innovative factors, one can understand the natural
process of innovation in 1G Farben and Du Pont and see why the performance of
companies was different. In doing so, we can understand that emergence of new
knowledge (production of knowledge), knowledge transfer mechanisms, and
organizational attitude towards research are important factors to comprehend the
process of innovation. In theliterature, the performance differences are examined to
understand the process by explaining learning effects and gaining new information
mechanisms (Ghoshal 1987; Hitt et al. 1996). By comparing and contrasting the
cases in detail one can understand the specific mechanisms that caused differences
in performance. First of all, the question is designed to answer “how” question of the
cases, afterward “why” question will be asked as research question of the thesis. The

research question of the dissertation therefore is:



How and why did research and innovation activities differ in two different
context and companies between 1925 and 1945?
The question will be analysed by understanding the historical background of the
countries and examining firm-level innovation experiences of the companies.
This leads to two important sub-questions that are essential to answer the main
research question of the thesis: How did historical background of the countries affect
research environment at the firm-level? and Could firm specific policies promote unique
performance? Those questions will be analysed via studying historical data in
Chapters 3 and 4. Moreover, main findings will be developed in Chapter 5 and 6 in
order to make deeper analyses for understanding the different context properly. In
the literature, there has been no significant work on these research questions in terms
of science and technology studies. However, there are similar works using different
perspectives. For example, differences in innovation performance has been examined
at the levels of firm, sector and country using tangible data like R&D expenditures
(C. Freeman and Soete 1997; Malerba 2004; Murmann and Homburg 2014; Nelson
and Rosenberg 1993; Pavitt 1984), or institutional differences that cause different
development stories for countries (Acemoglu and Robinson, n.d.; Chang, Grabel, and
Wade 2014; Rapley 2016). This dissertation will examine firm level differences in
detail in the context of different countries. The macro evolutions of countries are
important factors that are binding the micro evolutions of firms. Specifically, the
question will be tested by comparing research and output relationship inside the

companies, indicating differences and similarities and its historical roots.

1.3 Novelty of the Dissertation

Current scientific works mainly focus on industrial economics and organizational
theory. Attentive works of Haber (1958, 1971) and Reader (1970) show how technical
developments and advancements created industries in USA, Britain and Germany.
Emergence of chemical industries are discussed by such research in detail to
understand historical consequences of the chemical technologies. More historical
work on chemical industry literature is made by Lindner (2008), Homburg (1983,
1992; 1998; 2014), Murmann (2003; 2014). Those works specifically examine research
and development process of the firms and new knowledge creation process inside
them. Moreover, 1G Farben case is examined by historians in the dimension of
World War 11. Hayes (1987), Jeffrey (2010), and Borkin (1979) have prominent research
about war crimes, chemicals that used by military and technologies that specifically
designed for the War. On the other hand, management and organizational theory

literature are interested in DuPont and 1G Farben case intensely. The prominent
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work of Chandler (1977, 1990; 1971; 2003) provides detailed information on corporate
strategy that affects research and innovation. Moreover, Chandler’s work shows
that there are different patterns that were followed by companies for each country.
Hounshell and Smith’s (1988; 1985) research gives details about DuPont’s corporate
strategy on research and organization. Those noticeable works are valuable sources
to understand how structures and mechanisms cause change inside the firm. Science
and Technology Studies (STS) as well are interested in such industrial formation.
Especially, work of Nelson and Rosenberg (1993), Mowery (1999), and Freeman and
Soete (1997) pay great attention on formation of chemical industries to understand
how innovation and growth occur. However, as Freeman and Louga’s book puts it
more case study and more retro perspective work is needed for ST studies to clarify
theoretical assumptions about innovation (C. Freeman and Louga 2001). Hence, this
dissertation is motivated by a gap which is between history, management and STI
literature. DuPont and 1G Farben cases are comparatively investigated in terms of

STI studies using historical data and cliometric tools.

There are three novelties in this dissertation. The first one is the topic of the
dissertation, which is assessed as an unworked topic in terms of comparative
historical case study. 1G Farben and Du Pont have been investigated in many
fields like organizational theory, industrial economics etc. However, comparative
historical case studies are rare in STS studies, which make them valuable. As
Freeman puts it, “comparative studies” in STS literature is new but much-needed
for development of the literature (C. Freeman and Soete 1997, chap. 1). The
second novelty is the novelty of data. Much of the data used in this dissertation
come from archives and libraries. The fieldwork of collecting firm specific data,
classification and data cleaning was a daunting task. In the literature, there are
important archives (see Methodology Chapter) that contain valuable sources for
examining chemical industries. For example, Haber (1971), Reader (1970) and
Murrman’s (2003) works have contained archival data. However, their scope
was different. The difficulty of obtaining comparative historical data forced us
to use novel ways and methods. For instance, collected data is used to show
relationship between parameters in visual way. The third novelty is related to
the methodological tool. Network approach is not widely used in historical case
studies. The main aim of using this tool is to make better visualization that shows
relationships between actors. Moreover, the tool was helpful in proving some
theoretical assumptions. For example, in theory the government relations of Du
Pont were known because production data supported the assumption. However,

government’s demand from Du Pont and Du Pont’s response to this demand via
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developing innovative products were observed in production and users network.

Mapping of these relationships is a novelty of this thesis.

1.4 Objective and Main Argument of the Dissertation

Simply the question is how and why research and innovation activities differed
in two different context and companies between 1925 - 1945. In the literature,
there are many works that are dealing with it. However, there is not a single
study was observed in the reviewed innovation studies literature which contains
the comparison of cases. As a result of this, hypothetically innovation process is
accepted as a positive process that creates more economic growth and prosperity.
Moreover, current approaches define those process as evolutionary and
chaotic. Sometimes it can be called as a process that cannot known completely.
Furthermore, neo-classical economic theories cannot address the source of
technological change and innovation phenomena. This problem statements are
discussed from the beginning of the twentieth century. The main tendency is to
clarify the process through using case studies and detailed information in both
qualitative and quantitative. Hence, the research question of the dissertation
can be explained by the same way mentioned below. The aim is to overcome the
addressed problem statements via scientific methods. Consequently, the cases
can be examined in detail and new information can be found to use in other
fields. The dissertation argues that two cases are different in three main aspects:
research design of companies (centralized vs. decentralized decision making),
policy differences (applied vs. fundamental research), and market-driven vs.
science-driven research. These differences can be explained by interaction of

some factors.

To sum, the main target of the dissertation is to clarify the points mentioned above.
The first aim is understanding and then describe similiarities and differences via
analysing innovation and learning process in 1G Farben and DuPont between 1925
and 1945. The second aim is to explain and patterns of innovation and learning
for science and innovation studies with the help of comparative case study. To
achieve my objectives, 1 will use historical and theoretical analyses with the help of
related the literature. In addition to this approach, making a historical innovation
analysis can provide a picture about the mechanism, and this framework helps us

to understand today’s innovation policies and its mechanism.

The main argument of the dissertation is therefore, to understand whether

or not different country contexts can or cannot lead to successful innovation
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performance viainvestingbasic science and finding proper conducting mechanism
in terms of management. At the firm level, this argument supported by specific
titles from the literature: analysis of emerging new technologies (Basalla 1988;
Dosi 1984b; Landes 2003; Mokyr 1990), management of innovation (Burns and
Stalker 1994; Alfred D. Chandler 1977, 1990; Mathews 2013; Porter 2011), policy

design implementation (Edquist 2001; C. Freeman 1987).

1.5 Research Design

This research benefitted from primary and secondary historical sources. Research
design contains archive research, library research and simply secondary data
available in the literature. According to the agenda, first of all, German archives
and libraries were visited to collect primary data. Initially, preliminary research
about the data is conducted using web tools of the archives and science search
engines. As result of the preliminary research, data sources and their places
were mapped. Afterwards, in order to reach more related data, opinions of the
specialists who have PhD from Germany or who hold PhD degrees on similar
topics are taken regarding the archival work. In the field work several archives
are visited in Germany and related information is gathered by photocopying
and photographing primary documents. Obtaining data for the case of USA and
DuPont was a bit different in the sense that DuPont still exists and its archives
are held at one place in Delaware. As a result of this, mapping data sources was
quite easier compared to Germany. Firstly, sources and their titles are determined
on the web. Afterwards, expert opinions are taken to determine the availability
and accessability of the data. The advantage of working with historical data of

DuPont is that most of the archives are digitized.

Once the data is collected, two firms are compared on the basis of differences and
similarities in their approach to innovation. Descriptive statistics and network

analysis are used to analyse the data which are explained in details in Chapter 2.

1.6 Outline of the thesis

The dissertation is designed as seven chapters: method, country comparison and
firm comparison; and two chapters that look at organization and research in a

much more detailed way. The outline of the thesis is summarized below.

The second chapter of the dissertation explains the method used. This chapter

contains information about the tools used to investigate the main question of
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the thesis. Historical data sources and their specificities such as data availability,
method of accessing the data and details of the archive work is provided. Also, the
method of the thesis and rationale for selecting this method are given in details.
This thesis uses mixed method that blends historical data analysis with network
tools to compare and contrast countries, sectors and firms and to investigate the

actual mechanisms that create economic differences between cases.

The third chapter contains macro comparisons to examine the sources of the
economic development in USA and Germany. This chapter creates a base for
further discussion at the sector and firm level. Such an introductory discussion
at the country level is much needed since questions like, why and how Germans
are pioneers in science or how Americans established a market for chemical
sector have to be discussed in a context where the reader has at least some idea
on the context and environment where two giants of the chemical sector, 1G and
DuPont, flourished. In this chapter, macro historical information is provided to
understand the early history of the origins of innovation. Accordingly, the aim
is to build a comparative base that hinges on the context-specific elements that
are important in the evolution of chemical sectors in two countries and more
specifically in the evolution of two firms. A summary table is provided at the end
of the chapter to pinpoint and summarize the main points of country comparison.
The main argument of the chapter is that, early roots of scientific and institutional
background are persistent to promote innovation in the long run. We learn from
this chapter that different economic development stories that stem from economic

shortages and progressive science? can affect innovation performance.

The fourth chapter is specifically related to firm profile analysis. This micro chapter
contains profile of firms, establishments, size, organization structures, research
capacities, and relationships with market and authorities. This detailed information
is supported with original data and relationship mapping by using network analysis
tools. Sketching the main similarities and differences among the two firms is the
main motivation of this chapter. While the chapter provides a brief comparison
between firms it still possesses rich novel data and information that needs to be

further analysed. At the end of this chapter two important factors -research and

3 According to Fritz Stern’s work, Germany had a competitive science history. It means that
pioneering about basic science both at national and international level was an important issue for
politicians and policies since the era of Germania. We can learn this fact from the institutions,
universities and education policies during German history (Stern 2006, chap. 1). This is also
observed in USA history. Example of Flexner’s report and establishing important universities for
providing science can be explanatory to understand sense of science (Flexner 2017; Friedman 2004).
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organization- are determined which is further analysed in the following chapters.
For continuity, this chapter is also concluded with a comparison table that
highlights the main elements of change in the case of 1G Farben and DuPont. The
main motivation of this chapter is to further investigate the explanations provided
in the literature: investing R&D structure, the effect of promoting mechanisms,
competition view and the value chain perspective on innovation. As we learn from
the chapter, the internal and external factors affect the strategies and decisions
of the companies. For example, Germany had been exposed to external factors,
especially after 1939, that shaped its research policies. As a result of this, under
the pressure of military, synthetic research had been developed. In the USA, no
significant pressure from authorities in that sense was observed. However, the
main external factor was competitive pressures from the European chemical firms.
Main internal factors that affected innovation performance of companies can be
summarized as establishing different management of innovation (research design)

and promoting different paths in organizational and marketing innovations.

The fifth chapter of the dissertation is designed to answer the following question:
Did organization structure of the firms matter in terms of innovation strategy and
performance? Specific and novel data is analysed using network tools to answer
this question in detail. Moreover, business strategies of the two firms in the sense
of research and management types are assessed. In the literature, management of
the organization may foster innovation via encouraging internal (flexible systems,
promotion mechanisms, creating goals for further research) and external factors
(market demand, product differentiation, and proper agreements among rivals)
(Tidd and Bessant 2016). The results indicate that Du Pont and 1G Farben had
their own unique mechanisms in fostering innovation. They had adapted to their
context-specific conditions successfully and designed the firm accordingly to

benefit from such context-specific conditions.

The sixth chapter provides another specific analysis on research tendency and
performance. How did each firm conduct research? How much did they spend
for research? How did they manage learning activities? How did they promote
accumulation of scientific knowledge? Chapter five analyses these questions deeply.
The main argument of this chapter is shaped with the help of the main findings
from Chapter 3 and 4. The basic finding is that output of research and research and
development activities in general affected the innovation performance in positive
way (Fagerberg, Mowery, and Nelson 2005, pt. 4). The findings can be grouped

into three differences: research design of companies (centralized vs. decentralized
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decision making), policy differences (applied vs. fundamental research), and market-
driven vs. science-driven research. Differences in these three subjects by and large
explain the different paths that firms follow.

Finally, the last chapter provides a conclusion. In this last chapter, all previous
chapters are summarized to highlight the main findings of the thesis. Then
these main findings are linked to current discussions for providing brief policy
implications.
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CHAPTER 2

METHODOLOGY

2.1 Starting Point and the Sources

Historical case study is an established working method in social sciences (George
and Bennett 2005). Case studies have been successful in addressing economic
phenomena in social sciences such as searching sources of wealth, examining
poverty, and pursuing better life conditions. Fundamental contributions stem from

employing historical case studies especially ones that use specific quantitative data.

In this thesis, two cases were examined and described in details in a specific time
period. The main purpose of this effort is to understand and interpret the cases
by using a deliberate network analysis tool. The tool has been used in all fields of
sciences since the middle of the 1900s varying from basic sciences such as biology,
geology, chemistry, and physics to social and humanity sciences such as economics,
history, and sociology. For instance, in field of economics, graph tools have been
used to visualize about 20 million trade and country statistics. The main aim of
the Atlas Project is to measure the amount of productive knowledge for each country
through using network mapping (Hausmann and Hidalgo 2013). In sociology, social
networks helps to understand the relationship between social connectivity and
social patterns (Hua Wang and Wellman 2010; Lee and Kim 2010). In the field of
biology, oscillators (neuron, muscle movements etc.) are modelled with regards to
dynamical biological systems in order to understand biological structure (Friesen
and Block 1984; Winfree 2001). In the field of medicine, epidemic modelling
has been used to predict the pattern of diffusion of viruses. In Africa, the recent
outbreak of Ebola virus is predicted by complicated modelling in network mapping

(Siettos et al. 2015; Yang et al. 2015).
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In this thesis, comparative historical case study method has been chosen. The
major reason for this selection is the rareness of comparative historical cases
in innovation literature. Mostly, in the field of history, the method chiefly is
preferred. Specifically, innovation process is rarely researched with this method.
Therefore, two giant chemical companies are selected to understand the history
of the innovation process. However, many obstacles are faced during the research.
Working with archival data is independently a very constraining job because of the
cost of research and availability of data. As a result of this, more flexible tools like
network are preferred to improve the quality of the thesis. During the collection
of data, several important data types are intentionally selected. Some quantitative
data (trade statistics, profit statistics) are precisely researched from archives. Other
materials like oral history, biographies, audio, and map archives are scanned
additionally. These types of data are vital to make a consistent thesis in many aspects
because missing data and other data-related problems can sometimes be controlled
and triangulated with multi source information. All in all, information and data
from various sources can complement each other to increase the robustness of the

study.

In sum, this thesis presents a comparative historical analysis to understand the
innovation process by conducting archival research and using case study and social
networks tools. This chapter of the thesis provides detailed information about these
tools and also discusses the scope and limitations of the data. Moreover, the data
sources, though rich are also characterized by several limitations; but at the same
time, they present various opportunities for the research that are further examined
in the chapter. The final part of this chapter is related to software tools, which are

used in the process of analysis.

2.2 Meaning of Comparative Historical Research Methodology

Comparative historical research or historical case study is a method that is used
in social sciences in order to understand some theories, historical events, and
historical occurrences. This methodology can use the qualitative and quantitative
data to explain the factors (Neuman 2014, 42). The main aim of the comparative
case studies is to explain several knowledge and information mechanisms (oral,
quantitative data, memories, records etc.). Some qualitative and quantitative

methodologies can be summarized below:

+  The qualitative information that covers the certain times and periods ob-

tained from the sources like interviews, surveys
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«  Country or society based quantitative data
«  Specifically collected data from individuals or firms

«  The data from the historical records that was published in newspapers,
magazines, brochures, letters, memories, advertisements, meeting re-

cords, private archives of general managers, board decisions etc.
 Interpreting some data written by historians
«  Oral histories

«  Specific collection of something (government, society, and firms etc.) or

somebody (manager, War victim etc.)

- Some data about a topic that is impossible to study (for example,
Himmler’s childhood life) (Abbott 1990; Gerring 20r11).

Those are the points to understand why we use this type of methodology. Moreover,
this type of methodology stems from case study methodology in social science.
According to the methodology, data is generally based on qualitative evidence like
ethnography, participant observations, field research etc. in order to investigate
some topic or explain some theories or phenomena. In the literature, the role of
case study has been broadly discussed in terms of validity to explain theory (Royce
and Straits 2009; Bryman 2010). In social sciences, due to the chaotic structure of
the “sciences”, the theories cannot be explained precisely with natural sciences like
Physics. For instance, Einstein’s general theory of relativity claims that the speed
of light should be constant in space-time (Einstein 2017). In 1915, the theory was
proofed by mathematical tools; moreover, today’s technology measures the speed
of light precisely. This example was given to understand methodological difference
between social and natural sciences. On the other hand, social science has several
obstacles to explain something. First is related to demarcation of social sciences.
As Karl Popper argued, the social sciences cannot be understood as a systematic
mechanism. Moreover, theories in natural sciences can be explained and proved
with the help of scientific tools such as mathematics. Afterwards the explanations
can be validated or falsified by observations and data obtained from nature in
order to make constant theory like Einstein’s theory (Popper 2002). However, in
social sciences, because of the demarcations like social class, culture etc. it is hard
to say something precisely. Second is the chaotic structure of the social sciences,
which means the units (firms, individuals etc.) have some features making chaotic
structures. It can be explained in two aspects. Human actions have two features:
adaptation and variety. Because of these two aspects, clarity and predictability of

social phenomena is not an easy task to do. Due to those obstacles, social sciences
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have developed their own methodologies such as the case study methodology.
The case study methodology aims to understand patterns, mechanisms and
processes in historical period or now. In addition, there is a differentiation within
the methodology itself. Historical case studies and comparative historical case
studies are the prior examples to those different methodologies they are heavily
used to develop an “answer” for the research questions. Historical case studies aim
at a certain time or period in order to explain a theory, phenomena, or historical
events. This methodology aims to comprehend a social or economic event or
theory via collecting data from qualitative or quantitative sources (Miller 1986). 1f
one or more case is added to the historical analysis, then it is called comparative
historical case. There are several advantages of using this type of methodology. For
example, more robust explanation for a theory can be made with the comparison
of firms, individuals, countries, and societies etc. Moreover, it enables to make
synthesis by looking at differences and similarities between cases. process of case
study and some examples between case, historical case and comparative historical
case studies are provided below in order to clarify the methodologies mentioned in
this chapter.

Before the explanations, case or historical case studies have a little bit different
process than comparative case studies. Comparison makes to show synthesis
of the cases in the one hand. On the other hand, as a result of the synthesis, it
helps to develop some patterns in historical events. For example, World War 11 is
a proper case to understand factors that cause the war. If the comparative analysis
of two big wars in the world is made, some new patterns can emerge between
the two wars about commencement of war. In order to emphasize the process
differences between these methodologies, historical comparison method’s process

is summarized below.
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The Process of the Historical Comparison Method

Main Aim

Process

Determining for research topic

and question

Making relevant research topic and question

Data Collection

Locating data sources: archives, libraries, private
libraries, governmental databases, literatures,

visual libraries etc.

Finding data for evaluating the question.

According to data, three steps should be

Data Evaluation examined: (a) whether information or data
is suitable with the question. (b) any missing
part in the data? (c) Do you need more data for
accuracy of evidence?
) With the help of some tools or methods data
Analysing Data

can be analysed

Re-evaluate Data

Synthesising comparison cases with the differ-

ences and similarities to answer the question

Dissemination

Writing dissertation via using findings

Source: (Neuman 2014).

There are many works using different types of case study methodology. Itis clarified

in the table provided below. Table shows section topics and methodologies. For

instance, works of Landes, Rosenberg and Nelson are great examples for historical

comparison in case study. In summary, their methodology was set to explain

industrial and economic differences across countries.

On the other hand, as seen below, historical case study is the most preferable type

of methodology. The main reason is reliability and availability of data. Comparative

historical case study is not an easy method because of the difficulty of comparing

two or more factors with historical data So, historical case study that contains one

factor or parameter might be more preferable. Moreover, there are several ethical

concerns that can be issued in case studies. Those are summarized as

1. Validity of evidence data used

2. Confidentiality of people who are issued in data

3. Cultural differences

18




Those should be considered while doing research in case studies. In this dissertation,
Comparative Historical case study methodology is used. This methodology
has some disadvantages and advantages in terms of conducting data. Those are
explained in detail in the next headline.
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Case Study

Historical Case Study

Comparative His-
torical Case Study

(Benedict 20006;
Rutherford 2017;
Finlayson 2010;
Schwartz 1998;
Rees 2005; Bining
1933; Flechtner
1959; Moran
2005; Gianesini
and Blair 2016;
Rothbard 2006;
Wilkie, Ferree,
and Ratcliff
1998; Morrison,
Pietrobelli,
and Rabellotti
2008; Diamond
1997; Myers
2004; Madathil
and Benshoff
2008; Schutt
2001; Tattersall
2013; Braun
1990; Alfred D.
Chandler 1977)

(Rutherford 2017; Delorme 1962; Bird 1999; Erikson
2014; S. F. Cohen 1974; Gelderblom 2013; Beer 1958;
Porter 2011; Poulsen et al. 2017; Johnson 2000a;
Tammen 1978; Cho and Mun 2013; Abelshauser et
al. 2008; S. R. Epstein and Prak 2008; Wilkinson
1984; Sullivan 2000; Iversen 2008; Hughes 1983;
Hounshell and Smith 1988; Rossfeld 2008; Yu
and Shih 2014; Haber 1971; Homburg, Travis, and
Schroéter 1998; Homburg 1992; Kershaw 2012;
Wilkins 2004; Reich 1985; Gordon 2017; Kennedy
1987; G. R. Taylor 1951; Cloodt, Hagedoorn,
and Roijakkers 2006; Balderston 1989; Wolff
n.d.; Acemoglu and Robinson, n.d.; Fisk 2009)
(Rutherford 2017; Delorme 1962; Bird 1999; Erikson
2014; S. F. Cohen 1974; Gelderblom 2013; Beer 1958;
Porter 2011; Poulsen et al. 2017; Johnson 2000a;
Tammen 1978; Cho and Mun 2013; Abelshauser et
al. 2008; S. R. Epstein and Prak 2008; Wilkinson
1984; Sullivan 20006; Iversen 2008; Hughes 1983;
Hounshell and Smith 1988; Rossfeld 2008; Yu
and Shih 2014; Haber 1971; Homburg, Travis, and
Schroter 1998; Homburg 1992; Kershaw 2012;
Wilkins 2004; Reich 1985; Gordon 2017; Kennedy
1987; G. R. Taylor 1951; Cloodt, Hagedoorn, and
Roijakkers 2006; Balderston 1989; Wolff n.d,;
Acemoglu and Robinson, n.d.; Fisk 2009)(Delorme
1962; Bird 1999; Erikson 2014; S. F. Cohen 1974;
Gelderblom 2013; Beer 1958; Porter 2011; Poulsen
et al. 2017; Johnson 2000a; Tammen 1978; Cho and
Mun 2013; Abelshauser et al. 2008; S. R. Epstein
and Prak 2008; Wilkinson 1984; Iversen 2008;
Sullivan 2006; Hughes 1983; Nelson and Rosenberg
1993; Hounshell and Smith 1988; Rossfeld 2008;
Yu and Shih 2014; Haber 1971; Homburg, Travis,
and Schroter 1998; Homburg 1992; Kershaw 2012;
Wilkins 2004; Reich 1985; Gordon 2017; Kennedy
1987; G. R. Taylor 1951; Landes 2003; Balderston
1989; Acemoglu and Robinson, n.d.; Fisk 2009;
Wolff n.d.)

(Nelson and Winter
1982; Landes 1998;
Kirzner 2015; Blau
1964; Casson 2012;

Nelson and Rosenberg
1993; Alfred D.
Chandler and Salsbury
1971; Chang, Grabel,
and Wade 2014; Alfred
D. Chandler 1990;
Mowery and Nelson
1999; Alfred Dupont
Chandler 2003; Resetar
2000; Pomeranz 2000;
Landau and Rosenberg
1986; Landes 1960,
2003; Alfred D.
Chandler 1977)
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2.3 Data Sources

Certainly, it is not easy to set a framework for research in economic history. Data and
sources could be scarce. In this thesis, there was no particular ready to use dataset. In
order to solve the data problem, two main steps have been followed. The first is research-
ing in online databases and identifying and examining the primary and secondary data
sources. The second is archival research. All those steps have been done to find empirical
and historical data to constitute the main framework of the thesis. In this chapter, detailed

information of those steps is provided to explain the method of the research.

2.3.1 Online Databases and Published Works

Choosing and researching online databases are particularly vital processes. The
research question of the thesis should be supported by empirical and historical
data which is available online. In doing so, some selected databases have been
searched according to the scope of the thesis. As a first step the related keywords
were searched in the database of Web of Science and JSTOR. The sources give
favourable opportunities which ease research while examining of the subjects. Web
of Science also includes books, articles, and reviews. Its algorithm, which is based on
citation ranking and connections that is related with another database, makes it a
constant and reliable tool for research. In addition to this, another database, JSTOR,
has also been scanned for more resources. It is a kind of digital library and it has
many academic journals and book reviews. JSTOR is preferred because of its journal
subscriptions. Selection of two databases is done under the pressure of big data
problems. Web of Science is a beneficial tool. However, its huge database generally
serves for basic and applied sciences. Moreover, its algorithm can cause omission of
some valuable information. In order to overcome the problem, the second database
and also printed material and its references are used for crosscheck. For printed
materials like books Worldcat database is used. It is the largest network of libraries,
which offers title and author searching which makes a detailed research possible.
Moreover, secondary data sources for 1G Farben are found thanks to this network
database in German libraries. Table 1 is a summary for the first step of the research.
Itis important to note that these databases are not only used for obtaining scientific
information on the subject matter but also used for collecting various data on the

cases of 1G Farben and Du Pont.
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Table 1 The First Step of the Research: Searching and Tracing Secondary Data

Database Scope Reasons for Selection Links
| 256 disciplines | Enormous, reliable source appsswebofknowledge.
Web of Science |  and nearly | Coverage of the all journal com
9o million and article databases
records’
50 disciplines Specific journals in
JSTOR and more than | economic history and Www.jstor.org
1,041 journals? economic policy etc.
Used especially for the
72,000 research on Germany.
Libraries in Detailed research over
Worldcat o www.worldcat.org
more than 170 libraries.
countries? PhD Thesis Catalogues

Summary of the table gives an insight about how research is done according to these
criteria. By the way, all these selected resources are used to support foreground
of the thesis. Moreover, two types of search titles are selected to illuminate the
cases. The first one is early economic history of the countries and the second one
is economics of chemistry. In the first step, articles and books dated from 1850s are

provided. Chemistry is also scanned in those databases starting from the 1900s.

On the other hand, the books, which include primary and secondary data are
examined according to related titles. While doing this, several prominent works
and its references are benefited from. Especially, for the 1G Farben case, valuable
works of Haber (1971), Murmann (2003), TerMeer (1953) and Lindner (2008); for
research activities of 1G Farben, Homburg (1992), Beer, and Hayes (1987) are a guide
for this research. Moreover, for Du Pont, worthwhile and stimulating works of
Alfred Chandler is a starting point for scanning databases. Furthermore, Hounshell
& Smith’s (1988) astute data work and detailed references provide more information

on DuPont’s economic history.

2.4 Archival Research

Archival research, especially during the war times (1925 - 1945), is mostly a

challenging task. The main difficulty of the research is the catalogue system of the
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information. In order to clarify the archive works in the thesis, two main topics are
considered separately as Germany and USA. In the light of the previous research
explained above, several archival databases are determined. In order to narrow
down the scope, a preliminary study is conducted before actually visiting the
archives. This preliminary research is done in two ways: contacting archives and
searching private catalogues of the firms online, if it is available. Selected archives
are shown below in Table 2 in details.

Table 2 The Second Step: Archival Data and Places of the Archives

Firms Dates Activities Sources

Digital and printed catalogues of
Hagley Museum and Library, Dela-
DuPont 1802 - 2015+ Chemical Engineer- ware

ing, Material Sci-
ences, Agriculture,

. Firm’s private Archives, Wilmington
Food, Textile

Staatsbibliothek zu Berlin, Berlin

Bibliothek der Humboldt-Universitit,

Berlin

Dye, Chemical Library of Goethe University, Frank-

Process and
IG Farben | 1925-1945 _ _ furt
Organic Chemistry,

Pharmacy
BundesArchiv (1925 - 1939), Koblenz

BundesArchiv (1939 - 1945), Berlin

The Fritz Bauer Institute (Wollheim

Memorial) Archives, Frankfurt

Organic, Inorganic
BASF 1865 - 1925 chemicals, Dye,
Soda

Firm Private Archives (Unternehmen-

archiv, Ludwigshafen)
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Table 2 The Second Step: Archival Data and Places of the Archives (continued)

Pharmaceuticals, | Firm Private Archives (Bayer Werkar-
Bayer 1863 - 1925 . .
chemicals chiv, Leverkusen)
Firm Private Archives (Cologne)
AGFA 1867 - 1925 | Imagining systems

All those archives and libraries present detailed information about 1G Farben and
DuPont from 1925 to 1945. At this point, there is an important obstacle that should
notbe forgotten. After the defeat of Germany in 1945 1G Farben dissolved. Therefore,
especially, 1939 - 1945 dataset is not reliable. The next subsection provides more
information about the 1G Farben data. So as to make clear explanations, data
section is divided into subsections: Germany and USA. Each subsection explains

how data is collected and what steps are taken while acquiring data.

2.5 Germany

In Germany, archival data of 1G Farben is traced with the assistance of Invenio
catalogue system. Afterward, with the tools of the catalogue system, detailed
information about sources (places, conditions, limitations etc.) is collected. At
this point, Federal Archives of Germany (Bundesarchiv) provides more information
about the sources. This type of source is called Bestandsbeschreibung (stock
information), in German. The stock information card provides answers for the
following questions: which type of information is stored? where can you find it?,
who is the responsible person? etc. For clarifying the issue, a sample page of Invenio
is provided in Figure 1 below. Moreover, a part of the stock information named
Inhaltliche Charakterisierung (Content Character) specifies detailed and valuable
information about the firm. Specifically, some other sources and related stocks are
indicated in the part of the form. While doing the research, several stocks related
to the case are found through the information provided by the form. BundersArchiv

is separated into six parts:

1. Holy Roman Empire and German Confederation including Provisional
Central Power (1495 - 1866)

2. North German Confederation and Empire (1867/1871 - 1945)

3. Federal Republic of Germany with Western Allied occupation zones
(1945)

4. German Democratic Republic with Soviet zone of occupation (1945 -
1990)
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5. Estates and collections

6. Film and film accompanying material

Figure 1: Sample Stock Form of BundesArchiv

$ Bestandsbeschreibung
BUNDESARCHIV

s DUnSBSATChi de

Bestandssignatur : RB128
Bestandsbezeichnung  : 1G Fabenindusulz
Laufzelt : 19221849
Zitierweise : BArch R 81281,
Benuzungsort + Berlin-Lichierfolde
Zustandiges Referat  : R4

Bestandsbeschreibung:
Der tiberwiogende Tel der Ubericfs
Sowjetunion an das Deutsche Zent dex
Weiane Kieinere ABGA04 Vo ERVICUGEN der DOR. {FINRZm nistarum, Minisierum 10r
Staatssicherbeit der COR). Im Zuge von Bestandsabgrenzungen 1970 zwischen dem DZA und dem
ik Woten sind die Unterlagen der Strukiuneile Sekremnat Gajewski
aer der Agfa-Bewriebe) und Vermizungssielle W in Wolten und die
schalt Agla Berlin SO 36 im DZA zeniralsierl worden
Bestand R 8128 die Kieneren Telbestande 80 16 2 Igerussio
, 801G 3 IG-Farben, Werk Auschwitz, B0 IG 4 IG-Farben, Werk Landberg
und 80 IG 5 IG-Farben, Stickstofiwerk Waldenburg wieder hinzugefugt. 1995 wurden daruberhinaus
nach inhaltkche: Prifung Iulell en 70er Jahren aus der Gesamliberlieferung 80 1G 1

ieder dem Besiand zugeordnet

Umfang von ca, 420 fim

b
2

i Gm
80 Pr 1 Propan Gmbk

Content characterization

Inhaltliche Charakcerisierung:

Vorhanden sind Unterlagen folgender zentraler Organe der Konze

Berlin.

Franklurui:: 8010 dcs Technischen Auw.’u‘ﬂ.ﬂ 2? 1939, Ko
25-1942. |

waltung in Frankiurt/M. und

i5biro 1913-1925, Preisburo,
1929, 1936-1937,

Verliagsarchiv 1913- 1944 (ca. 1600).
Berlin: i 1926-1943, AUSSCIUSS 1936-1945,
1910-1947, Abicilung (v. a. 2200
Ausarbeftungen und Matenalzusammensteliungen 1918-1949), Presse- und Nachrichtenstelle 1926-
39, Personalabteilung Berlin, Rechtsateilung 19271945,
< Bestandes biden die Unteragen der einzelnen

Ole 1913-1945, Stckstottkal ki ation
19251943 Vercaufsgeme nschalt Chemikaiien emschiielich Zweigstelle Berln und Verkaufskontor
Leipzig 1624-1943, v. 2. aber Unteriagen der Verkaulsgemenschait Agfa Berlin SO 36 1874-1851 und
IEI?-‘!IM
Worhanden si ul hinaus v \kien der
Akten der IG-Farben AG in Liquidabon 1921- Wbd

ng 1834-1955 sowie

ﬁ Bestandsbeschreibung
BUNDESARCHIV

waw bundesarchiv.de

Literatur:
Sevcyor, Homann: Dct (G-FarbenKonzom, Seinc Vorgainger und Nachiokge. Ein Beirag zut
Organisat der deutschen (Ted |und 1), in teilungen 371966

(Tell 1) und 411966 (Teil i)

Plumpe, Gottiried: Die 1.G. Farbenncustrie AG - Wintschatt, Techalk und Politk 1004-1945, Berlin
1990

Hayes, Peter: Industry and Ideclogy. 1.G. Farben in the Nazi Era. Cambridge 2001 (2. Auflage)

Umfang, 22418
Aufbewahrungs.

einheiten

Bestandsart : Schrifigut

Alte Bestandssignatur  : 801G 1-801GS,
BO Bu 1,80 Be 3,

80 823,80 11,

80Pr1
Bearbeiterfin Wagner, Karola
Stand (Jahr) 2010

Informationen zur Provenienzstelle

Existenz-/Lebenszeit  : 19251945

apnnm-nqnm ichte:

nde’ (Favowe "l
sen - BASF - M[u Bmlm) 1m Mai 1916 vertraghche Bl dung der In.nkm Dlmclllu |lt. Zu einer
enweiterten “Inieressengemeinschal” (1G) unier Einschiuss der Chemischen Fabriken vorm. Weiler-ter
Meer Uerdingen und ab 1917 der Chemischen Fabrik Grieshein-Elekiron FrankiuitM. Die Firmen
blichen zunachst sclbsistandig, jedoch crlolgie dic Abrechnung dor Gowinne und dern Aufioilung
gemeisam nach einem festen Schiussal.

der IG-Werke zum einhe llichen Chemigkonzem G
Farbenindusirie AG* unier Aulgabe der Prinzipien cer lockeren Bindung mit Konzemzeniralen in
FrankiurM. und ab 1976 auch in Berin. Neben Ublichen obérsten Verwallungeorganen einer AG als
Konzerleting rfogie i Organ:saton ce- Produiion b 3830 nach Tarmioralptay i Fom von
regional Werke und ab 1930 nact

Sachprinzip in “Spasten® mszu...mnwcmssunq chemisch und technish gleicher baw, venvandter
Produktionsstaten. Zur Onganisation des e einzelne Ver

Durch Kontroliratsgesetz Nir. 9 *Beschlagnanme unU Kontrolle des Vermagens der IG-~arbenindustrie
\G" vom 30. Mov. 1945 varde der Konzern laklisch aulgelost. Die Belriebe auf dem Gebiet der
shemaligen DDR gingen in Volkseigentum dber, in Westdeutschland entstanden Antang der S0er
Jahre durch Entflechty Kenzemstrukturen mehrere |G-Nachfolger (v. a. BASF, Hoechst, Bayer-

Erschliefungszustand Leverkusen)
Findbiicher und Karteier

Ausdruck for Dogan Muhsin Ausdruck for Dogan Muhsin

Benuzzeint 5000013416 Benuzerr.  : 5000013416

Thema History 1 Thema e, o
Druckaatum Mitworh, 14, August 2016 DruCKaalm Mitwach, 14 August 2016

Source: BundesArchiv in Berlin

According to this division, the data searching process mainly focuses on “North
German Confederation and Empire (1867/1871 — 1945)” stocks. In this stock there
is a part named as “Organizations, associations and business enterprises”. This part
delivers information about 1G Farben’s history. Based on the archival catalogue,

following classification is done in order to refine the search:

« R 8128 IG Farbenindustrie AG
« R 8128 IG Farbenindustrie AG
« R 8128 IG Farbenindustrie AG
« R 8128 IG Farbenindustrie AG

ments

Mine Management

Sale Community Photo or Agfa Berlin

Contract archive

National and Economic Policy Depart-

« R 8128 IG Farbenindustrie AG in Liquidation (1952 - 2013)
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« R 8128 IG Farbenindustrie AG - Auschwitz

R 8128 1G Farbenindustrie AG - Nitrogen Production Calculation
« R 8128 I1G Farbenindustrie AG - Central Accounting

R 8128 1G Farbenindustrie AG - Directorate Department
« R 8128 I1G Farbenindustrie AG - Sale Community oils

R 8128 1G Farbenindustrie AG - Sales Community

« R 8128 IG Farbenindustrie AG - Headquarters of the Group Management
Frankfurt

However, all those classification titles include thousands of entries several of
which have not been completed cataloguing. A very beneficial source in this
classification can be found in the Berlin archives located at Lichterfelde, Berlin is
“Monthly statements of all accounts of the IG Farben AG 1929 - 1939”. On the other
hand, all records have complex connections with other records. For example,
statistical units of Germany have some useful information about the firm.
Nevertheless, those records are not kept in the same catalogue. In order to solve
the problem of this complexity, an archive specialist can refine your data search in
accordance with the related keywords. In this case, following topics are selected
to improve the search: Legal Conditions (competition and trade law statistics,
numbers of labour and engineers, numbers of workers, numbers of agreements),
Technological Development (R&D numbers, patent numbers, cooperation
numbers), Industrial Structure (suppliers’ numbers, size of firms, numbers of
firms in the chemical sector), Market Structure (trade numbers, product numbers
and names), War and Ideology (invention numbers, patent numbers). According
to this preliminary information, archive specialists provided the specific stocks

shown below:

R 43 Reich chancellery,
«  R3ror Reich Ministry of Labour,

R 3 Reich Ministry of Armament and War Production,
« R 2 Ministry of Finance,

R 3001 Ministry of Justice,
« R 8 VIII Reich Office for Chemistry.

All those stocks have many different types of information such as name of plants,

workers, social security numbers, trade number etc. Moreover, all data are
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embedded in the text. For example, account statistics can be found both in financial
committee reports and trade statistics. In order to overcome those problems, the
selections are scanned and photographed. During archive research, the important
points are always written to a notebook to be used after work. The main questions
like “what is the important point?”, “what does the data cover?”, “what are the
current conditions of the research: completed, not completed etc.?”, “what are the
next steps in the research?” and “what is learned during scanning the documents:
important dates, persons or key points” are beneficial for the next steps of research.
After those archive experiences, data cleaning and classifying processes have been
completed in Turkey.

In the case of Germany, there are several important problems, which are faced
while finding the data. The first point is the language of the data. Some material
is in old German language and it is difficult to find the meaning of certain words
in current ordinary German Dictionaries. The second one is the requirement of
an appointment for working with data, which may take two to three weeks. The
third one is the mismatch in the key figures of the firm. The period of 1925 - 1945
is long enough to contain many important economic extremities like the Great
Depression, hyperinflation, economic recovery etc. These facts should not be
forgotten while conversion of Reich Marks. In order to solve this problem, the

thesis uses the treasured work of Bidwell.

2.6 USA

In the thesis, major data sources for DuPont are determined through preliminary
research by contacting with the company officials in Turkey and the USA. In this
case, DuPont is an active corporation and its archives require permission for
individual use because of privacy concerns. On the other hand, other data like
DuPont family, technical committee members’ biographies are available on web.
Hagley Museum’s archive and online catalogue is useful to reach more information
about the firm.

2.7 Tools

The thesis is primarily based on comparative historical case study methodology.
According to this methodology, data could be collected from the sources such as
archives, secondary sources (prominent historical books and authors), oral records
(oral history of related members of the case), and recollections (autobiographies,

memoirs or diaries), historical records (regularly collected data like tax registrations,
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border entry and exit registrations) (Schutt 2001, 387). All collected data are
analysed to understand the factors that led different innovation paths for two
firms. Therefore, some tools that based on quantitative data are used with intention
of making consistent research. Moreover, the main aim of quantitative tools is
to improve the understanding of the cases. While doing this, the primer data is
collected and selected according to the topics of comparison. Afterward, the data
is examined to understand the cause of relationships, events, policies or concepts.
According to Schutt, this type of research is heavily used in sociological works to
understand the reason about differences between cases or identify historical or
sociological events, causes and reasons (Schutt 2001). Actually, the original idea
stems from the works of Weber’s comparative historical research (Weber 1958)
and Durkheim’s labour comparison (Durkheim 1964). The methodology has also
been used by economic historians like Kenneth Pomeranz (The Great Divergence,
2000), Regina Grafe and Oscar Gelderblom (The Rise and Fall of the Merchant Guilds,
(Gelderblom and Grafe 2010), and Gregory Clark (Farewell to Alms, (Clark 2007).
The mentioned works above have used the comparative methodology with the help
of some tools like statistical measurement programme or applied econometrics.
In innovation economics literature, comparative methodology is practiced to
recognize the industrial differences between countries, which stem from science
and technology policies. The research of Freeman and Soete (C. Freeman and Soete
1997) is a good example of this track. They used comparative firm and country data
to clarify industrial divergence between countries. Moreover, Mowery and Nelson
(1999) also examined how firms adapted the technology and used it for their ability
to gain competence in the global market. Porter (2011) likewise analysed that
comparative competitive advantage of nine countries (he intentionally uses this
measurement type to refer to famous Ricardo’s comparative advantage theory) are
vital to compare countries’ economic structure and policies. Finally, Chandler’s
work is an historical comparison between firms that organizationally differ from
the others. Chandler (1990) improves his vital organizational difference ideas

thanks to deep comparative analyses of firms.

In the light of these facts two cases are compared in terms of the selected titles

below:

«  Legal Conditions (evolution of Patent, Competition and Trade law. Effects

of those factors to legal conditions.)
«  Labour (Numbers of labour and engineers)

«  Technological Development (R&D activities and its evolution during the time)
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« Industrial Structure (vertical or horizontal relations, communication of the

other suppliers, how learning emerges.)

«  Market Structure (How market emerge, institutional facts, evolution of in-

stitutions, trade relations.)

The above data are used to improve the understanding of the cases. Moreover,
while collecting the data, the main concern is to get explanatory data like numbers
of dye makers, numbers of white-collar workers etc. This data collection method
is intentionally chosen because the thesis uses network analysing tools to compare
1G Farben and Dupont where data is available. The network analysis in this thesis
is conducted by Graphcommons’ software. The reasons of selecting this software
are detailed in the next subsection. Moreover, importance of the network theory

deserves to be examined in detail as a priory step.

2.8 Importance of the Graphical Data

The network theory dates back to the problem of Seven Bridges of Kénigsberg
by Leonhard Euler in 1736 (Estrada and Knight 2015, 5-6). The solution for the
problem introduced the new graph-based models and theories in Mathematics.
Developments in science and technology, in parallel with this data, processors,
storages, and communications (especially internet) promote new type of graph
theory. In the modern meaning, the network theory is introduced in 1920s with
Wellman’s work on network relationship between school children (Wellman 1926).
Furthermore, Strogatz (2001) showed that complex data could be used for indicating
interaction of the systems, peoples and science activities. In addition, Strogatz
added that amount of the data (big data) is good in interpreting the diversity in
science (Strogatz 2001, 275). The graph based modelling was heavily used in many
fields of science: biology (Kuramoto 1984), genetics (Kauffman 1969), mathematics
(game theory) (Nowak and May 1992). These examples constitute dynamic or self-

organizing systems.

Theterms “complex”and “complicated”arecontroversialissuesinthatsense. Notall
self-organizing system can be classified as complex and not even more complicated
structures like measurement of internet apps using networks are classified as a
complexsystem.Inthatsense,thereisnoconsensusonthedefinition of complexity.
In order to clarify and give a straightforward example on this issue, Friedrich von
Hayek’s definition could be worthwhile to understand complicated and complex
relationship. According to Hayek, complex structures like society, exchange

economy, or systems which occurred as a result of unintended human actions
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should have two main characteristics to be identified as a complex structure
(Hayek 1945a). The first is interactions between agents (individuals, institutions)
and other entities (structures, corporations etc.) (Hayek 2012b, 73; Oguz 2000).
The second is adaptation, which means that individuals can adapt to new
conditions or new situations faced during the action. This definition could further
be explained with a good example from chess. When a person is playing chess, he
or she should play according to the rules of the game. For example, pawn’s move
is defined a priori. It cannot move backwards and only moves in a single square. If
adaptation is subjected in chess, then pawn should have acted like King or Knight
when faced with a situation. Because of these features, chess is a complicated
game. On the other hand, another game or systematic action type like football
is complex since in the game, a defence player can act like a striker according
to circumstances. Those examples could be useful to understand the differences
between “complex” and “complicated” structures in a society. According to
Hayek, complex is unpredictable and partially knowable events as a result of
human actions (Hayek 1945a, 1960, 1964). On the other hand, complex network
defines only complicated relationship in a society, which sometimes can be an
advantageous tool to analyse economy and society. For instance, MIT Media Lab
has launched a project in 2010 to show the complexity in the world trade with
graphs. It is entitled as The Observatory of Economic Complexity. The project
aims to show complex (complicated) relationship with around 20 million data
. In a network, that type of visualization can help us to present major and minor
relationships (Cetinkaya 2014, 69; Steen 2010, 17-50). In this thesis, complicated
and complex relationships among firms both in USA and Germany (within the
relationships of the selected firms) are presented with the network analyses. In
this way, empirical evidence is provided for some obvious facts such as the role
of government in the development of certain chemical industries and not so
obvious facts such as the role of university tradition in top management of the

selected firms.

In the light of this theoretical and practical information, using graph theory or

network theory has several advantages:

1. Visualization: historical, political or economic relationships could be

presented in a graph that provides clear and general view.
2. Data: if it is available, network structures can work with big data.
3. Implementation: contrary to other statistical tools, network enables

all field of sciences (biology, geology, economics, politics, medicine) to
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analyse data. Many application areas can use the tool.

4. Relationship: all type of relationship (asymmetric, directed, linear) can
be observed. For example, in this thesis, 1G Farben’s business relationship
(cartel structure as a result of resource scarcity in Germany) gives a

representation to understand Nazi’s economic program.

These advantages make network analysis an important tool in historical research.
Moreover, it is possible to find some patterns through tracing network edges
and its interrelations among nodes. For example, history of DuPont showed that
the corporation had close relationship with the government. The relationship
also provides interactions between products and users who use those products.
(See Chapter 4). Thus, one can for instance speculate on why a product line was
introduced. Another advantage of the analysis is presenting the big picture in one
frame. If data is available like internet users’ place data, then network mapping
can show more clusters and cliques. The next subsection will assess those types of

networks and some important technical details.

2.9 Network Types, Measures and Metrics

Figure 2: Simple Network

The basic definition of a network is described as a relationship between nodes (vertex)
and edges. Nodes are connection points like society (person), biology (microbes),
business (products), and genetics (genes). Moreover, edges are defined as degree
and type of relationship. For instance, competition as an edge line can represent
directed or undirected relationships between two automobile corporations (two
different nodes). Figure 2 illustrates this type of simple network (Newman, Barabasi,
and Watts 2006). There are many network types in theory. Additionally, measures
and metrics of network analyses have been developed thanks to advancement in
computing abilities and modern tools (internet, mobile phones etc.). There are many
metrics such as closeness, betweenness and degree centrality etc. which are used to

measure a network’s relationship degree. Some metrics could be used for a special
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aim. For example, in a social network analysis, main emphasis of the network heavily
focuses on bridges (betweenness centrality) in which a key node connects separate
clusters to each other. In order to be clear on the issue, network types and metrics -

algorithms are summarized in Table 3 below.

Table 3: Classification on network types and algorithms

Bipartite, Complete, Directed, Undirected, Hyper, Multi,
Network Types _ .
Random, Weighted, Social, Computer Networks

) Centrality, Degree, Betweenness, Closeness, PageRank,
Measures, Metrics and ) ) o )
Aloorith Motif, Clustering, Degree distribution, Assortative,

orithms
8 Distance, Modularity, Efficiency

Clique, Component, Cut, Cycle, Data structure, Edge, Loop,

Features
Neighbourhood, Path, Vertex (nodes), Matrix

Source: Compiled from works of Cetinkaya, 2014; Estrada & Knight, 2015;
Steen, 2010; Strogatz, 2001.

This section provides a brief summary of the network analysis, specifically graph
theory. There are many algorithms and features. Other network types especially
random (probability distributions) and complex networks (small-world networks)
have more dynamic and evolving systems. For example, small-world network is
used to solve communication problems in a social network. Milgram’s argument
is to solve complication in communication within social relationships. This is also
popularly known as the six degree of separation. It is a way to propose that a person
in the world is only six steps away from the others within a dynamic system (Travers
and Milgram 1969). Scale-free network (closely complex network) is mainly used to
analyse the data that comes from the World Wide Web. Internet users, computer
and medical viruses are analysed and examined with the assistance of those type
of networks (Strogatz 2001, 271). Non-linearity is the main differentiation among
network types. Dynamic systems might be modelled with those network types. In
this sense, it is important to calculate the probability of the next move of nodes
(vertex) (Strogatz 2001, 268). Moreover, to provide detailed examples, Figure 3
shows information including graphical differences between simplistic (regular) and

more complicated (random) network relationships.
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Figure 3: Random and Regular Network 1llustrations
Source: Redesigned from Strogatz, 2001, p. 271.

According to the illustration, A represents that all 10 nodes circularly connected to
each other. Regular and basic network structure is given in A. B illustrates a case
where all nodes and all non-neighbour nodes are fully connected to each other. C
is a random type of network. In the middle of the network there is a cluster and
other random nodes are not connected to the cluster. This is a probabilistic graph
to measure nodes (n) and edges (m) in a way to join nodes in pairs with the shortest
possible way. Randomly, pairing nodes are clustering if m>n/2 (in Strogatz example
n=200, m=193 above) (Strogatz 2001, 271). Finally, D is a classic example of a scale-
free network. According to the network illustration, all nodes are connected to
each other with edges; however, some nodes are highly connected to other nodes.
In reality, thinking on internet users, or e-mail users, some network nodes (in
this example, the e-mail owner) have more connections than the others. These
connection numbers are indicated with colours in the figure. (According to the
figure, Red nodes have k=33 links, Blue k=12 links, and green has only 11 links.) Those
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scale-free networks are coined by Barabasi et al. to define power relationship between
nodes (Barabasi, Albert, and Jeong 1999). Furthermore, the case of DuPont shows
scale-free network features in terms of connections and nodes Determination of
a network type is not an effortless process. There are several softwares in order
to identify network feature (scale-free or random). In this thesis, PNet software is
used to identify graph’s features (Exponential Random Graph Models or Scale-free
Models) (“PNet Software” 2017).

In this thesis, undirected multigraph type of network is used for explaining product
and relationships for each corporation: 1G Farben and DuPont. Some features and
algorithms should be defined for better understanding of the quantitative method
of this thesis. Betweenness centrality is used in the network analyses to understand
important bridge nodes between clusters. The term firstly used by Freeman (L. C.
Freeman 1977). In addition, Newmann et al. state that betweenness centrality
measures “the extent to which a vertex lies on paths between other vertices” (Newman,
Barabasi, and Watts 2006, 185). For instance, merging companies have more
connections (production, consumption etc.) between other firms. This means that
network of companies makes a hierarchical connection among other companies. As
a result of this, more connections give an insight about the power of relationship.
For example, 1G Farben have more power on other sharing companies because of
its connections (See Chapter 4). This analysis is conducted to measure the strong
relationships between firms thanks to betweenness centrality algorithm. Moreover,
number of connections (called as degree feature of a network) is represented to
reveal the core of some nodes like government expenditure types. In the thesis,
closeness metric, which measures the quick access to all nodes is used to divulge
some important nodes. It statistically measures “the mean distance from a vertex
to other vertices” (Newman, Barabasi, and Watts 2006, 181). For example, in 1G
Farben’s merger network shows that BASF and Bayer had more “closeness” than
other firms because of the distance between the main node, 1G Farben (see Chapter
4). Finally, some features of networks like clique and clusters are showed in the
network data. For example, DuPont’s products are mainly clustered by conducting
edges: used by. Classification of the clusters are made via products groups like
explosives, chemicals etc. Naturally, there have been product clusters; however,
detailed analyses show when adding some variables like “using” or “producing” to
the networks, the relationships become meaningful in terms of understanding why
and how questions. In this example, explosives were demanded by the government,
which means that DuPont carried out its production line according to government
demand conditions. Before the World War 1, explosives demand of the USA was

34



relatively high. Some sources said that “$250 million” net profit made by the Du

Pont during the War from just one product line.

Features, metrics, and algorithms can be complicated and short definitions provided
above may not be sufficient to grasp the basic idea behind using network analysis.
Therefore, Figure 3 illustrates basic metrics and algorithms on a sample network,

which might be useful to understand complicated definitions provided above.
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Figure 4: Metrics, Algorithms, and Features of a Sample Network

2.10 Using Software

For network analyses, there are many useful softwares on the market. The selection
of the software is made in accordance with suitability for type of network analysis.
For dynamic structures like peoples, animals, and microbes, some visualization
programs like Pajek, Graph-tool, Gephi can be appropriate to generate the data.
On the other hand, some graph based programs like Graphcommons, and Semoss
are very subtle to constitute precise graphics. Technical or economic, there can be

many reasons for the selection process while working with the network data.

In this thesis, Graphcommons software is intentionally selected for measuring the

network structure. There are several reasons for this selection:

1. The software’s mathematical algorithm: In Graphcommons, software is
based on Force-directed graph drawing algorithm (Force Atlas 2) (Jacomy
M et al. 2014). The algorithm is based on working of Tutte. His work
enables to draw Polyhedral graphs under some assumptions (Tutte

1963). This type of algorithm has many advantages. First of all, drawing
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aesthetic graphs is possible with this algorithm. Secondly, interrelations
and connections can easily be seen. Thirdly, as a result of flexibility of the
software, good quality of results (clusters, cliques and degrees) might be
possible with small size of data. Fourthly, this algorithm has a cognitive
advantage, which means that some physical objects can be traced and
predicted, and examined easily compared to other softwares. Finally,
Force Atlas 2 provides simplicity feature while drawing and organizing the
network (Jacomy M et al. 2014).

2. The software is an open source programme. Open source program is
specifically selected since some features can be developed while using the
software. Also, this type of software has low cost solutions for research

activities.
The software is user-friendly and simplistic.

4. After the analysis, exporting options and visualization opportunities are
very generous in the software. Therefore, editing the graphs after the

analysis can be easy.

The main purpose of using the software is to make clear network mapping in order
to see the patterns, business relationships and importance of nodes in the context.
As it is known, networks may not be an exact solution for understanding the
relationships. On the other hand, tools of statistics and mathematical modelling
might indicate more about the relationships. However, modelling in dynamic
system in the network provides insightful correlation between variables. It is the
simplest way to explain the relations among many variables. In addition to this,
network modelling and analysis support researchers to use big or comprehensive
data. Besides, it helps to examine not only big or detailed data but also small and
non-time series data. It is a reliable tool in that sense. In historical research, finding
data about the cases can be very hard. Sometimes data series are not suitable for
more common statistical techniques. In such cases network graphs and mapping
algorithms can give valuable viewpoint during the research. It does not mean that
this type of research tool can reveal all historical relationships. However,in Hayekian
terms, complex structures and some social science issues can be supported with

this analysing method.
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CHAPTER 3

THEORETICAL AND HISTORICAL BACKGROUND

3.1 Germany and United States of America: History matters

3.1.1 Germany: Brief History

In his book, Fritz Stern, a prominent historian, mentions about Germany as “I
have spent my professional life trying to answer: why and how did the universal human
potential for evil become an actuality in Germany?” (Stern, 2000, p 42). Germany has
a very extraordinary place with respect to its political and economic history. It is
a country where distinctive economic industrialization accompanies two great
wars. Its stories have been written in both hell and heaven. On the one hand,
Germany is a country which has a mesmerizing product base established on a well-
organized industry that provides a significant number of innovative products and
processes to the world; greatest music composers that perform art to touch our
emotions deeply; influential scientists that change the world in basic and applied
natural sciences and even social sciences. On the other hand, it is a country which
committed the largest war crime being responsible for the genocide of the Jewish
and other races. Moreover, at that time, there is the highest number of military
expenditure (Kennedy 1987) also science (Cornwell 2004) that promotes military
innovation. All those developments conducted at the expense of nearly 70 million

people (Dear and Foot 2001).

In this chapter, brief historical information will be presented about four periods:
Early Germany (from Roman Empire to 1500), early modern period (1500 - 1800),

industrialization period (1800 - 1914) and the War period (1914 - 1945).

3.1.2 Early Period (from Roman Empire to 1500)

Nearly 30 000 years ago, Neanderthals a subspecies of archaic human were our rivals
in biological evolution. Their strength and muscles improve Sapien’s genes, which

makes us the fittest of all (Tattersall 2013). Neanderthals, was first discovered in 18065
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in an area which we call Germany today* (Pdabo 2014). From that time to Roman
Empire many advances and changes occurred in the area. During the reign of the
Holy Roman Empire, Germany area or territory was called as Regnum Teutonicum
in Latin. The area enclosed the northern side of the Empire and Romans called
the Germanic people as Barbarians’ (Fulbrook 1990). Early Germanic people were
engaged in agriculture and animal husbandry from beginning of the first century to
the eleventh century. In the early period of the Holy Roman Empire, Alchemy was
used for transforming the resources such as iron, silver and gold, which was found
in the border of the Empire (Levere 2001). In Germania, alchemy was limited and
produced in small scale in the beginning of the first century. Tacitus (c AD 56 -117)
described the country as a land of forest and plentiful fruitful territory. According

to Tacitus’ writing, natural resources mentioned above were scarce (Tacitus 1900).
b

From Roman Empire times to 1500, the economic life characterized small-scale
production systemsandagricultural production (Abel 1980). There was nosignificant
industry at that time (Mokyr 2003b). In the beginning of the fifteenth century
production of steel in Solingen, Hessen and manufacturing of linen in Nuremberg
was advanced (S. R. Epstein and Prak 2008). The productions were regulated by
the Guilds (S. R. Epstein and Prak 2008; Mokyr 2003b). Guilds connected small
market production from the hinterlands to the Baltic area through free trade and
with the help of the Hanseatic League® (Mokyr, 2003a, p 405). Hanseatic trade
connected German merchants to the northern part of the continent -Poland,
Russia, Sweden and the Netherlands and to major trading cities such as United
Kingdom, Netherlands (Gelderblom 2013).

3.1.3 Early Modern Period (1500-1800)

At the beginning of the sixteenth century, German economy was based on rural
production. %75 percent of the labor force engaged in agricultural production.
Moreover, urban strategic sectors such as textiles and steel shaped the economic
development of Germany (Mokyr, 2003a, p 406). There were two great events that
affected the decline of population numbers andled to economic stagnation. The first
one was Black Death (1350), an epidemic disease killing millions in Germany (Ziegler
1969). The second one was Thirty Years’ War (1618 - 1648) in which population

declined from 17 million to 10 million as shown table 1. In 1600s, Germany had

4  Also, Germany named a valley as Neanderthal.

5 The Barbarian word was not used as a primitive people by Romans Barbarians were used for a
word that means foreigners (Fulbrook 1990, 9).

6  Hanseatic league was established by guilds in Lubeck, middle low of Germany in 1358 (Day 1922).
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18593 million dollars of GDP (measured as PPP in 2007 million dollars.) and between
1500s - 1600s the growth rate of the GDP was about %0.14 annually (Avakov
2010). Although the population numbers were influenced by the two incidents
above, urban manufacturing flourished through specialization that was shaped
by the putting-out system’ (Williamson 1985). The system enabled entrepreneurs
to develop their business and manufacturing regions (Gewerbelandschafen) emerged
thanks to flexible production system. (Williamson 1985). Moreover, Verlag system
created opportunity to make a business in cheap and efficient way. Afterward,
the regions were connected with international trade through specialization of
some products such as textile (Mokyr 2003b). On the other hand, Chemistry was
limitedly implemented in some industries that used it as a practically. Furthermore,
this practical use of chemistry occurred in several ways like: heating for pottery,
forging for metal and metallurgy. The use of chemistry (at that time not called as a

chemistry) had begun to develop its own way.

Table 4: Population size of Germany, 1500-1800

Total population Kaiserreich, after 1740 excl. Alsace-Lorraine

1500 9.2
1550 12.9
1600 16.2
1650 10.0
1700 14.1

excl. Alsace-Lorraine

1750 17.4
1770 18.6
1780 19.5
1790 20.5
1800 21.6

Source: (Pfister and Fertig 2010).

3.1.4 Age of Industrialization (1815-1914)

Germany’s map once again changed after the French Wars. The War affected the
productive regions of Germany. As a result of this, Region of Rhine river and Saxony
Germany began to develop its trade linkages. Incidentally, mercantilist trade system
that was called Cameralism became widespread after the French war in Germany.

At the beginning of the 1800s, restoration and reform process began, at the same

7 In German Verlagsystem means that work is contracted by a merchant-entrepreneur to
subcontractors who complete the work in their home or other facilities (Landes 1966; Williamson
1985).
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time, Germany’s coal, textile and iron production rose rapidly. Reforms which
were called Stein-Hardenberg or Prussian Reform changed political and economic
institutions (relatively free trade, patent regulations), education (As result of
leadership of Humboldt German education system was divided into Volksschule
(people’s schools), Gymnasiums and universities) and industry (supressing Guilds
and promoting competition). Stein and Hardenberg reforms started to liberalize
German economy. The reformists were seriously influenced from Adam Smith and
Classical Liberal ideas. In the first instance, rural production and property rights
changed for the benefit of the peasant. Land lord’s monopoly declined and labor
was liberalized, it meant that each individual should not have to registration in
a guild. Guilds lost their authority on entrepreneurs. Contrary to early system,

entrance to the Guilds depended on the consent of the individuals.

By 1840, extensive expanding in the railway system was a fundamental step for the
economy. Railways ownership was depended on private capital and private property
in Germany which was important in the development of the railroads in Germany
(Mokyr & Grant, H Roger, 2003, pp 332-3306). Moreover, Germany produced its
own rails and roads in the country. Its iron and coal output was carried with the
railroad. Industrial development of the country largely relied on transporting of
raw material to almost anywhere in the country. As Frederic List puts it, there are

many effects of establishing railroads for the development of a nation (List 19606).

In 1870, Germany unified. Financial opportunities expanded which created
additional funds for investment in heavy industry such as coal, steel and machinery.
Especially increase in the long-term credit opportunities helped heavy industry to
flourish (Mokyr 2003b, 5:412). The expansion of industry was accompanied by the
expansion of science and scientific works. Scientific works was especially high in
Chemistry and Physics. Important firms in the chemical sector were established
in this century. Bayer was founded on August 1, 1863, Barmen, Germany and BASF
on April 6, 1865 in Mannheim. Bayer was the biggest pharmaceutical company
of the time. Some important pharmaceutical products such as Aspirin, Heroin,
Phenobarbital® were invented by the company. BASF had been a forerunner -
especially in terms of costs- in the production of Sodium carbonate (soda). Leblanc

process® was used to produce soda until 1880 (Abelshauser et al. 2008). BASF’s

8 Commonly used for sleep aid in the beginning of 1900s.

9 It was an industrial process to produce soda ash, hydrochloric acid efficiently. It was invented by
Nicolas Leblanc in 1791 (Reader 1970).
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innovative Solvay Process™ was one of the most efficient way of production of

sodium carbonate which led to changes in the production process of chemicals.

At the end of the nineteenth century two significant events changed the path of
German industrial development. The first one was the end of the imperial reign in
the world and the accompanying trend in rising nationalism which caused many
of extreme events in the first half of the next century (Eric John Hobsbawm 1962).
The second was expanding production and means of production with the help of

the industrial revolution (Hobsbawm, 1997, pp 207-223).

3.1.5 War Time (1913-1945)

Germany’s destiny was shaped between two wars. The consequences of the First
World War were the main motivator for the second one. Politically, Germany is
a unique case because it was defeated two times both in World War 1 (as known
as the Great War) and World War 11 and the country had to pay high reparation
according to Article 231 of the Treaty of Versailles for World War 11 and Potsdam
Conference for World War 11. However, Germany successfully manage to turn
this to its advantage by scientifically and economically benefiting from the wars.
Especially during the World War 11, Nazis used basic and applied science -though
in the most fierce way- for becoming the successor of the War. Many inventions
and military innovations occurred in that time. There were two turning points
during and after the World War I that needs to be explained further. The first is
the inflation problem and it relation to reparation funds. The second is the changing

political structure and rising totalitarianism.

The first point could be viewed as a negative effect of the war. It is a fact that
uncontrolled monetizing paper money causes a higher level of inflation (Mises
1983). Between 1914 and 1918, Germany had a dilemma between financing war
and creating revenue. The problem can easily be observed in the expenditures of
Germany. Between 1914-18, the country had 194,301 million marks of expenditure
and 32,372 million marks of revenue (Balderston 1989). In addition to this, the
war ended with the defeat of Germany and according to Article 231 of the Treaty of
Versailles Germany had to pay 50 million gold as reparation (Bell 1986; Hay 2002).
High level of public debt and extreme reparations of the war caused a period of
hyperinflation in 1921-1923. The hyperinflation changed two things. Firstly, it

destroyed income, savings, and economic life. Secondly, the hyperinflation made it

10 It was developed after Leblanc Process by Ernest Solvay during the 1860s (Reader 1970). It has
been used in the modern production of Soda.
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easier to spread fascist ideas on the continent (Hobsbawm, 1994a, p 90).

The second point was the rising totalitarianism. After World War 1, an insignificant
soldier, who was Adolf Hitler, had an idea that was about changing Germany’s
economic destiny and taking back Germany’s power. The idea stemmed from
aggressive foreign policy that was called Lebensraum which was living space
for Agrarianism (W. D. Smith and Mazal Holocaust Collection 1986; Weinberg
1980). Moreover, after the global crisis (aka Great Depression), inflation and
unemployment rates were very high in Germany. These factors caused Hitler the
came to power in 1933 (E. ]. Hobsbawm 1994; Kershaw 1999) and he took 17 million
votes (Kolb, 2005, p 224). Totalitarianism diffused to Europe unrestrainedly and
Spain and Italy copied totalitarian ideas from the German experience (Linz 2000).
Rising totalitarianism promoted economic growth through destructing private
ownership and other economic institutions. When Hitler came to the power, he
insisted on protecting and providing private ownership. However, in Nazi Germany,
private organizations must obey Nazi’s interests. As Linz said that authoritarian or
totalitarian regimes concentrated the power in centre. This means all economic
and political institutions and pluralism both social and economic system was
constrained by authority. Moreover, private property, in literally term (Linz 2000).
On the other hand, Hitler’s economic program dropped unemployment numbers
drastically from 6 million to 77,500 in 1939 and raised economic growth during the
World War 11 (McNab 20009).

Hitler manipulated basic science and technology to become absolute omnipotent
power (Cornwell 2004). Prominent scientists like Max Planck, Fritz Haber, Werner
Heisenberg worked for and promoted Hitler’s science (Cornwell, 2004, p 462).
Thanks to slave labour and formation of cartels like 1G Farben military innovations
in developing aircrafts, advances in chemistry, emerging material sciences and
electronics flourished (Murray and Millett 1990, 112).

End of the war, in 1945, Germany was defeated again and lost its economic power.
Allied Powers played significant role in designing the collapse of capital markets,
transportation and communication networks, heavy industries and nearly all

economic institutions (Kershaw, 2012, pp 134-135).

3.2 USA: Brief History

In his book, Decisive Moments in History Stefan Zweig quote: “Upon his initial return from

the discovered America, Columbus displays an infinite number of curiosities and precious
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things during his triumphant march through the crowded streets of Seville and Barcelona: red-
skinned human beings of a previously unknown race, animals that have never been seen before,
the colourful, screeching parrots, the ponderous tapirs, then remarkable plants and fruits that
will soon find their borne in Europe: Indian corn, tobacco, and the coconut.” (Zweig 1999, 7).
Columbus discovered a new continent, which he was not aware and brought a lot of pre-
cious materials and plants to Europe as well as codified experience of the journey. Voyage
of Columbus was one of those decisive moments for the world because America has great
significance in terms of economic history and technological development on the world. In
this part of the chapter, three main periods in chronological orders, colonial period, indus-
trialization period and finally war period, will be analysed to comprehend the brief history
of the United States of America.

3.2.6 Colonial Period 1600s - 1774s

When Columbus discovered America at the end of the fifteenth century, he was
unaware that he marked a great beginning for the whole world both economically
and politically. When first voyager went to the “new” continent, there were
indigenous people who had indigenous economy, society and community life. The
natives’ population was small in comparison to Europe. Peter C. Mancall’s work
proposed that before 1400s, population of the north side of America contained
12 - 26 million indigenous people (Mokyr, 2003b, p 158). During the seventeenth
century, resources were manipulated by the western people emigrated from
England, an occasion which is referred as colonization. American resources were
abundant for establishing the very first economic relations. Agrarian products like
tobacco and sugar were planted in newly established farm houses (Brogan 2001).
Until the Civil War (1865), slavery was used to support agricultural production and
trade (J. H. Franklin 1967). Some production methods were imported from the
West in order to produce agricultural products which were mostly unfamiliar like
sweet potato, corn or maize, pumpkins, tomato and strawberries in an efficient way.
Westerner used fertilizers and fertilization systems for on the land of indigenous
peoples (Bining & Cochran, 1964, p 55). Manufacturing in the early 1700s to 1760s
developed as well accompanying the expanding agricultural production. Primer
manufacturing areas were lumbering industries, shipbuilding, fur trade, iron,
pottery fisheries, flour milling industries, and shop and home industries which
were hat making, dried fruit, and dressmaking. Manufacturing was affected by the
decisions of the regulatory authorities who were aiming to encourage the industry
(Bining and Cochran 1964). The Iron Act of 1750" was a good example to such

regulation, which aimed a production system under state control. Some products’

11 The act was aimed to restrict British Colonial’s production (Bining 1933).
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trade was limited during the Mercantilist policies. Trade was another mechanism
that was used to provide raw materials and surplus products by the colonists. Larger
ships were built for carrying products to Great Britain and other parts of Europe
(Bining and Cochran 1964, 117). Furthermore, America used trade network to reach
both colonials products. For instance, New England’ sent tobacco for getting fish.
This networks linked each areas that were comparatively at different development
stage and (Bining & Cochran, 1964, p 103).

3.2.7 Industrialization Period

In her famous fiction, Atlas Shrugged, Ayn Rand imagined that the railway system was
the real superior power behind the American economic development. Moreover, she
proposed an ideal world in which networks of railway provided the cheapest and a
safe transportation from ocean to ocean® as a result of mechanical and metrological
innovations in railway system. Although Rand’s supposition was a fiction,
transportation systems and networks had great importance in the development of the
American economy during the industrialization in 1800s (Brogan, 2001; G R Taylor,
1951). Steam locomotive was invented by the British; however, efficient applications
of the rail system were developed by the North Americans (Brogan, 2001, p 378).
The first mover in the railway system was the Baltimore & Ohio railway in 1830.
Moreover, along the railroads, telegraph lines were established for communicating
with long distances in the continent. Railroads, steamboats and telegraphs helped to
promote industrial development. Thanks to these advances, American entrepreneurs
penetrated in to new markets which were far from the centre and customers who
settled out of cities but they wanted to buy service and products (Brogan, 2001, p 379).
Table 2 shows the great expansion of the railway and canal systems, which enabled

the industry to carry goods along the country.

Building new railroads and routes created new jobs; for instance, a single
corporation in building railroads had 36,000 employees. Additionally, establishing
new coal mines and steel plants needed to employ extra workers. As a result of this,
there emerged new industrial situation: new business lines demanded new labour
and suppliers to take advantage in a market (Brogan, 2001, p 381). Competitive
trade system, capital accumulation and financial system are among the pillars
that characterized industrialization period of America beside transportation and

communication networks.

12 It consists of six American states: Connecticut, Maine, Massachusetts, New Hampshire, Rhode
Island, and Vermont.

13 This is motto of the company in the book (Rand 1957).
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Table 5: Expansion of Canals and Railroads

Year Canal Mileage Railroad Mileage
1820 150 0

1830 1277 73

1840 3320 3328

1850 3698 8879

1860 4000+ 30,636

Source: (G. R Taylor, 1951).

Trade system had developed starting from the colonial times. There was a massive
network of trade routes and shipping shores in all over the country. Trade was
connecting two continents to obtain raw materials and agricultural products.
However, rapid growth during 1774s - 1860s in industrial production made the
country a unique producer in mining industries, agriculture, machinery and oil
products. In antebellum period, GDP rose rapidly thanks to mechanization in
agriculture and industry that enabled further expansion of production. Table 3
demonstrates the selected statistics on demography and economics in 1774-1860
(before the Civil War). Numbers remark that population and GDP were positively
affected from economic growth. As seen on table, there were three important
points that provide economic growth. First, diminishing agricultural share of the
labour force leaded to transformation in economic structure which was largely
industrialization. Second, as a result of rapid mechanization in industry, industrial
output was gradually increased. Third, productivity was supported by increasing
in population. Moreover, migrations from other continents and slave labour (until
the end of the 1800s) joined the labour force to support production. In sum, all

those factors caused and provided economic growth during nineteenth century.
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Table 6: Selected Economic Statistics for the United States, 1774-1860

Gross Domestic Labor Labor Force Agricul-
. GDP Per Output Per tural
Population
Product Force Participa-
Capita Worker Jc1p Share of
(Thou- tion The
Year (Million $) sands) (Thou-
(8S) sands) (8S) Rate
Labor Force
(dollar values expressed in prices of 1840)
1774 145 2,419 60 844 172 0.35 0.76
1790 NA 3,929 NA 1,279 NA 0.33 NA
1800 348 5,297 66 1,712 203 0.32 0.74
1810 500 7,224 69 2,337 214 0.32 0.72
1820 689 9,618 72 3,150 219 0.33 0.71
1830 1,017 12,901 79 4,272 238 0.33 0.70
1840 1,553 17,120 91 5,778 269 0.34 0.67
1850 2,318 23,261 100 8,192 283 0.35 0.60
1860 3,905 31,513 124 11,290 346 0.36 0.56
Average annualized rates of growth

1774-1800 3.4 3.1 0.4 2.8 0.6 -0.3 -0.1
1800-1860 4.1 3.0 1.1 3.2 0.9 0.2 -0.5
1774-1860 4.0 3.1 0.9 3.1 0.8 0.0 -0.4

Source: Adopted from (Mokyr, 2003b, p 164).

Rapid increase in industrial production and creation of new mechanized industries
(building new factories, employing workers, creating new routes and roads, and
establishing unique manufactures) also helped capital formation and increased
savings (Brogan, 2001, p 381). Funding enabled innovation in basic economics
tools. For instance, America developed a banking system promoting business
relation through creating stocks, bonds and commercial papers. This attempt
was designed for nationwide capital accumulation (Mokyr, 2003b, p 166). Capital
expansion led early industrialists to make investment on newly emerging sectors.
Raising banking system stirred up a trouble which is role of government in this
accumulation process. According to Rothbard, abandoning of free market ideas
and the rising mercantilist attitudes of Britain affected domestic producers positively
in short-term; on the other hand, in the long run, central role of banking system

was gradually affected negatively daily economic life. (Rothbard, 1983, p 139).

Furthermore, Rapid industrialization created new generic sectors like chemistry.
Beginning of the 1900s was decisive in establishing new industries which
depended on chemical and material sectors (Freeman, 2013, p 97). In America, the
first chemical company -Du Pont- where the first dynamite and nylon had been

produced was founded in 1902. By its inventions, DuPont, not only fostered daily

46



use consumer products such as woman tights, raincoats and but also stimulated
military innovation such as raw materials for parachutes, powder bags and tires
(Kinnane 2002). Furthermore, dynamite was used to provide coal mines and
farming. Farming with dynamite was new and weird technique. It was promoted by
Du Pont. Main use areas were: clearing land of stumps, trees and boulders; breaking
up Hard-Pan, Shale; plowing; digging ditches, post holes, reservoirs; road-making;
excavating cellars; regenerating old, worn-out farms (Du Pont 1910, 4-11). Main

aim of the dynamite was save labour cost.

3.2.8 War Period

Despite the German war experience, USA won World War land its super power
in military was confirmed (Ferro, 2002, p 128). Rapid industrialization in the late
19" century and emerging new sectors such as communication, chemistry and
machinery supported America’s mission in the Great War. Moreover, the Great War
stimulated military innovations including machinery and materials production.
Industrial leadership of America emerged in sectors that were influenced by
Taylorism™ - a production process that aim to increase productivity. For instance,
scientific management principles of production in the steel industry boosted steel
production (Freeman, 2013, p 73). In 1913, total production of steel was 313 million of
tons, meanwhile, Germany was producing 193 million tons. At the end of the Great
War, in 1918, American political, economic and industrial dominance in the world
started (Hobsbawm, 1994a, pp 21-54).

There were two significant events in wartime history of America. Rising production
and industrialization period during war and collapse of financial system known as
Great Depression emerged from monetary and credit policies of the FED (Rothbard
1963). Easy credit booming and uncontrolled money supply was the primary
causes of the depression (Robbins 1934). The depression had economy-wide affects.
It caused unemployment and reduced production thus led to a massive decline in
trading activity. Table 4 summarizes unemployment numbers of the USA between
the beginning of the depression and the beginning of the war where one can see
that just a year after the great depression unemployment doubled. There were both

mainstream and heterodox remedies to help economy to recover. Mainstream view,

14  Frederick Taylor, in his notable book: Principles of Scientific Management, summarized that
increasing economic efficiency and labour productivity can be possible with implementing
principles of basic science to applied science through analysing of the production process deeply
(F W Taylor, 1967).

15 By the way, many economists do not agree with that.
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mostly Keynesian, proposed that expanding government expenditures and size was
key to recover from the recession (Keynes 2015). Heterodox (or the Austrian) view
based its arguments on two observations regarding the great depression of USA.
The first was that government expenditure would eventually cause an over-heated
economy. Second was related with the main position of the FED and the banking
system that expanded money supply in an uncontrolled and irresponsible manner
which they refer as the primary reason of the depression (Hayek 1966; Robbins
1934; Rothbard 1963, 1983). After the depression, in 1933, Roosevelt proposed a “new
deal” which was a social liberal measurement for getting rid of economic collapse
until 1937 recession. At the end of the second recession, USA faced new economic

and political challenges.

Table 7: Unemployment numbers between 1929-1933 (in thousands)

Countries 1929 1930 1931 1932 1933
Canada 12 23 32 77 8o
Czechoslovakia 50 88 340 634 878
France ) 14 72 347 356
Germany 2,484 3,041 4,744 0,034 5,599
Italy 309 413 735 1,085 I,ITT
Japan 352 397 474
Sweden 44 42 73 99 121
Switzerland ) 21 61 103 13
United Kingdom 1,204 1,694 2,666 2,66 2,821
United States - 2,004 06,403 10,477 13,359

Source: (Robbins 1934, 213)

Hemingway describes the war in his book Farewell to Arms as dramatic and cadmean
victory (it can be expressed as “to win a battle but lose the war”). His fiction was written
for the Great War experience. However, second war was not so much different. In
1941, USA declared war against the axis power (Weinberg 1995). There were three
main achievements of the war. The first one was the economic recovery of the USA.
Despite its viciousness the war was a remedy for depression much because of the
reason that public expenditures, especially military spending, soared. Through the
multiplier effect this created excess income and caused nominal GDP to increase

by %12 on average annually as can be seen from Table 8.
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Table 8: Federal Spending and Military Spending during World War 11 (dollar
values in billions of constant 1940 dollars)

Nominal GDP Federal Spending Defense Spending
Year total
total $ % increase | total$ | % increase % of GDP s % increase % of GDP

1040 I01.4 9.47 9.34% 1.66 1.64%
1041 120.67 19.00% 13.00 37.28% 10.77% 6.13 269.28% 5.08%
1042 139.00 15.24% 30.18 132.15% 21.70% 22.05 259.71% 15.86%
1043 130.44 -1.88% 63.57 110.64% 46.59% 43.98 99.46% 32.23%
1944 174.84 28.14% 72.62 14.24% 41.54% 62.95 43.13% 36.00%
1045 173.52 -0.75% 72.11 -0.70% 41.56% 04.53 2.51% 37.19%

Source: (Tassava 2008).

Secondly, thanks to increasing military expenditures, USA started to promote basic
science in thought of that it would spur military innovations. These attempts years
later would give USA the leadership in science and technology. However, this was by
and large the by-product of increased military expenditures. Considering the race
between Germany and USA in developing the atomic bomb, this was an important
moment in history. Germany and USA were competing in developing the atomic
bomb, but it was the USA that gave priority to this case. Manhattan Project was
the primer research and development project to stimulate producing of the atomic
bomb (Rhodes 1986). Table 6 presents the estimated cost of the project. As can
be seen in the table 6, total expenditure of the project was very high comparing
to other war expenditure. Besides, USA adopting new technologies from western
Europe. This was occurred in two ways: welcoming scientists who were blamed as
Jews and people who were qualified technician but fleeing from war (Ball 2014, 66;
Cornwell 2004, 93).

Table 9: Manhattan Project costs in 1945

Site Cost (1945 USD) Cost (2016 USD) 7. of total
Oak Ridge $1.19 billion $15.6 billion 62.9%
Hanford $390 million $5.13 billion 20.6%
Special operating materials $103 million $1.36 billion 5.5%
Los Alamos $74.1 million $973 million 3.9%
Research and development $69.7 million $916 million 3.7%
Government overhead $37.3 million $490 million 2.0%
Heavy water plants $26.8 million $352 million 1.4%

Total $1.89 billion $24.8 billion

Source: (Schwartz 1998).

Thirdly, in 1945, USA was the super power. Moreover, under leadership of USA,
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new world order started to establish with the help of institutions which were
founded under United nations instead of ineffective League of Nations in 1945 (E.
J. Hobsbawm 1994). Europe was collapsed and looked for new “union” ideas to
recovery their economic and political position. Japan was defeated and reel GDP
declined nearly half (Maddison, Organisation for Economic Co-operation and
Development, & Development Centre, 2003). USA faced new era of two pole era
(Kennedy 1987).

3.3 Comparing Germany and USA

This part of the chapter ended with a comparison table for two countries. The
comparison covers between 1500s and 1900s. The main and vital events in history
will be expressed shortly according to economic change, political change, law and
regulation, religion, events which are unintended occurrences and technological
advances. Major changes present in Table 7. In the table, there are seven major
topics that aim to compare each country. First is Economic conditions and
changes. This topic is composed to show the major economic changes like policy
implementation or great changing in economic sense according to works of Bell,
1986; Bining & Cochran, 1964; Brogan, 2001; Fulbrook, 1990; H. W. Smith, 2017;
Weinberg, 1995. Second is mainly related to political variations. For instance,
transition from empire to state democracy is typically important milestone for
performance of each country (E. ]. Hobsbawm 1994). Third is laws and regulations.
This is very vital case to understand some economic rushing and policy changing
after making rules and regulations. At this point, in the table, this topic is
provided by important works of Gunderson, 1976; E. J. Hobsbawm, 1994b; Eric
John Hobsbawm, 1962; Holborn, 1959; Mokyr, 2003c. Fourth and fifth topics are
indented for information to know about dominant religion and event. Sixth topic
concerns on major breakthroughs in science and technology. The topic provided
information not only major technological changing but also products that caused
fundamental changing in history. At the present, the topic supported with works
of Landes, 2003; Mokyr, 1990; White, 1962. Final topic is linked to basic science or
physical science like physics, chemistry, astronomy and earth sciences. The aim of

the topic is to show several notable persons and developments during the time.
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Table 10: Comparison of two Countries in Brief

Germany
15008 1600s 17008 1800s 19008
End of Guilds
Economic Putting-out .
systems Strong guilds
Agriculture Heavy
Small-Scale Industrialization
Conditions and Manufacturing Internalization and Trade
Manufacturing .
) regions
(iron etc.)
Controlled market
Changes Mercantilism Closed market
(Cameralism) system
Political Establishing Weimar . .
) ) ] Third Reich and
Barbarian Imperial age Republic and .
G federati Fascism
Change ermany confederation
Treaty of Versailles
Stein-
Hardenberg Reparations
Prussian
Law and . Private
. Hansetic Trade Reforms
Regulations Property
Constitutional European Union
system
Protestant o
o Protestant Christianity
. Protestant Christianity Protestant
Religion . and .
Reformation and Christianity
. . Minority Jewish
Minority Jewish
In Thirty Years’ War
Black Death (declining population)
§pop World War |
Events Industrial Revolution
World War 11
Patent System
Alsace-Lorraine
Chemistry process
and synthetic
Notable Techno- Transportation, Rail and Canal Y .
logical revolution
g ways
Printing Machine Machinery
Aviation, Atomic
Advance R&D system Bomb,
Electronics
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Table 10: Comparison of two Countries in Brief (continued)

Chemistry:
Adolf von Baeyer was
a German chemist

who synthesized

indigo
Astronomy: Founding of
German Industrial Physics:
astronomer i
Chemistry Max Born leaded
Johannes Kepler Carl Schmidt:
] Anthropology: development of
formulated his Biochemistry .
) Magnus Hundt quantum mechanics
laws regarding
Science ;
planetary motion Justus von Liebig: Max
. Delbriick:
Founding of  ltural
Johannes Werner: organic chemistry Ag}rllcu .tura Wernher von Braun
Mathematician Chemistry Aerospace and rocket
technologies
Heisenberg and Max
Planck: Theoretical
Physics
Albert Einstein:
Relativity
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Table 10: Comparison of two Countries in Brief (continued)

USA
15008 1600s 17008 1800s 1900S
Economic
Agriculture Efficient | Transportation )
Free . Rapid
. agriculture | and telegram S
Conditions trade and i Industrialization
Trade networks mes
and P controlled
or Exploitation Hea
P market v ) New deal
Industry Taylorism
Changes
Political
. . American
Colonial system Federation . Democracy
Revolution
Change
Indian Constitutional
onstitutiona .
Removal Act New Super Power:
Law and , system regulating trade,
. Private property
Regulations finance and global
First Party
End of Slavery economy
System
. . Catholic o o o
Religion Mesoamerican L Christianity | Christianity Christianity
Christianity
Immigration
from Europa
. Great Depression
Events Civil War .
and recession
British
colonization
Chemistry,
Material science
Notable Tech- Electronics
. Engines i
nological Agricultural 8 State science
Petroleum
tools o
Ad Electricity Radar, Atomic
vance Mechanics bomb, Aviation
and electronics:
computers
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Table 10: Comparison of two Countries in Brief (continued)

Patsy O’'Connell
Sherman: Products
that made b
Robert Adrain: 1m% el y
Mathematics chemicals
Enrico Fermi:
George
Nuclear Reactor
Chapman
Caldwell:
Agricultural Albert Einstein:
Chemistry Relativity
Science ) - - Science Robert Oppenheimer:
Immigration: Atomic Bomb
Alexander

Graham Bell | Wernher von Braun

(electronics), Aerospace and
Joseph Priestley | rocket technologies
(Chemistry),

Nikola Tesla Computer Science

(electronics)

Biological Science

Applied Science

3.4 Economics of Chemistry

Story of chemistry is as old as the first humans who desired to satisfy their curiosity
about the nature (life) and social order (wealth). Mystical beliefs of people led the
emergence of Alchemy that mainly aimed searching for the Elixir of Life’ and the
Philosopher’s Stone” (Greenberg 2007; Levere 2001; Moran 2005). Paulo Coelho,
in his Alchemist, tells a story that passes in a mystical world where an Andalusian
shepherd boy travelling from Spain to Egypt searching for a treasure with the
assistance of Alchemy and alchemists, instead discover himself as the real treasure
(Coelho 19906). After all, neither alchemy nor philosopher’s stone can create new

forms in modern scientific terms. But those efforts initiated the evolution process

16 Elixir of Life or Elixir of Immortality is liquid for using sometimes to be young sometimes to be
immortal in Chinese and Indian alchemy (Atkins 2015; Levere 2001; Moran 2005).

17 Philosopher’s stone is a substance that convert material into precious metal like gold and silver
(Atkins 2015; Levere 2001; Moran 2005).
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from alchemy to modern chemistry. Before modern chemistry, there were three type
of chemistry: practical chemistry that is used in areas including mining, weaponry,
jewellery making, pottery and purification of metals (primitive metallurgy); mystical
chemistry that aimed at discovering the endless life and eternity and transforming
metals like from silver to gold (alchemy); and medicinal chemistry that used herbs

and plants for healing (Greenberg 2007).

Predominantly, early period of chemistry was conducted in the Arabian and
Chinese lands where many discoveries were made such as the gunpowder, using
solvent on furnaces and controlling of heat to apply metals (Levere 2001, 5).
Western chemistry was a late-comer. The westerners started to use chemistry
and chemicals mostly after the Arabs. According to Joel Mokyr, chemistry and
chemicals were not invented in Europe; however, its applications® were widely use
in the continent (Mokyr 1990). Chemicals such as alcohol, acids, mercury and dyes
were used in production; nevertheless, alchemy and chemistry were not developed
in Europe until the renaissance of the twelfth century (Freely 2009, 2012). Mokyr
summarize this situation of Europe as: “It was progress without science, chemicals
without chemistry, but it worked.” (Mokyr 1990, 55).

The major contribution on scientific revolution was Galileo’s criticism on
geocentric and Tychonic universe system (Heilbron 2010). After all, starting with
Galileo’s writings and the Renaissance, scientific revolution and modern science
had been on the rise in Europe. On the other hand science was declining in the
Arab world where the initial stimuli created by Islam in the 10" and 11" centuries
was a major deterrent of development of science after twelfth century* (Hourani
2013, 46; Lipsey, Carlaw, and Bekar 2005, 268—69; Saliba 2007, 234). The process
of transition from alchemy to chemistry was mainly leaded by the Europeans.
Robert Boyle (1627 - 1691) was the first person who made experimental research
in chemistry. Likewise, Boyle and Newton served for the good of determining of

scientific principles in modern terms. It was the epicentre moment in history of

18 There was example about gunpowder. Although, Chinese discovered the gunpowder around
sixth century, firearms which worked with gunpowder were invented and used for gaining
dominance in Europe around thirteenth century (Mokyr 1990; White 1962).

19 The period was many changes in science and philosophy. At that period Islamic science
declined and Western science raised.

20  Until twelfth Century, in science, there were many revolutionary developments. Today, we
used scientific methods like Alchemy, Algebra which stems from Arabic and Islamic roots. In the
prefix Alis definitive article in Arab language.

21 His master work is The Sceptical Chymist in which matter consists of atoms in motion and every
phenomenon stems from those motion. (Boyle 1900).

55



science; hence, it was proofed that multiplying matter which means adding more
and more matter particle in atomic scale was possible. Newton, in his Principia,
wrote that “everybody can be transformed into a body of any other kind and successively
take on all the intermediate degrees of qualities.” (quoted from Newton: Levere 2001,
12). The research on transmutation and multiplication was carried until the 1700s

under the name of Alchemy and Chemistry.

After these developments which marked the modern scientific thinking a new era
in chemistry and chemical production started in the mid 18" century. With the
help of the ground-breaking discoveries, scientific fields such as Astronomy and
Physics constituted methodological dominance on science in the 18" century when
chemistry was losing its significance thanks to a controversial philosophical debate
on what can be called the “proper” science (Levere 2001). According to Immanuel
Kant, chemistry is a systematic art rather than a proper science due to the fact that
chemistry is empirical; however, do not include a priori knowledge that explained
consciousness of its necessity (Kant 2004, 44). Furthermore, Michael Faraday argued
that “Chemistry is necessarily an experimental science: its conclusions are drawn from
data, and its principles supported by evidence from facts.” (Faraday 1974). Chemistry
won back its importance in the second half of therg™ century in relationship with
other fields such as economics and thanks to a wide network of benefiters such
as the universities, research groups, chemical societies, science societies and the
industry that used chemistry to promote science and scientific activities. The two-
way link between chemistry and economic prosperity was probably affected by
the process of development of the chemistry (Levere 2001, 122). In this process,
the chemistry as science slowly evolved in to a major economic asset: the chemical
sector. Several factors played role in this transition from chemistry as science
to chemistry as economic power such as the industrial revolution, expansion of
population and increased funding for scientific activities. Such factors will be

analysed in next part of the section.

Funding for science

One of the first examples of funding for science was Justus Freiherr von Liebig (1803
- 1873), a German chemist. Von Liebig founded organic and agricultural chemistry
and applied in industrial scale. Moreover, he pioneered teaching in research

laboratories®. His work and scientific efforts were crucial in establishing industrial

22 Research laboratories have a vital role in the industrial development of chemistry. Liebig
founded his first laboratory in Giessen in 1842. He worked on the chemical process in specific areas.
His efforts paved the way of university and industry linkages especially in Germany. Moreover, his
model leaded universities in the USA and Britain (Brock 1997).

56



and research linkages in Germany and England in 1800s (Levere 2001, 133). In short,
Von Liebig has two important contributions, which are economizing chemical
materials and establishing research laboratories. The possibility of producing
synthetic dye from coal-tar enabled the industry to produce chemicals in large
scale. First commercial synthetic dye was developed and produced in England
(Murmann 2003). Correspondingly, the story of commercial dye* was written by
Sir William Henry Perkin, inventor - entrepreneur (1838 -1907), who discovered
mauve (aniline dye) accidentally in 1857 (Murmann 2003). Perkin synthesized
aniline purple from chemicals derived from coal tar (Garfield 2001). The discovery
of aniline purple was a revolutionary step in chemistry. After all, Perkin’s accidental
discovery led development of industrial synthetic dyes (Murmann 2003, 24). Before
the synthetic revolution, natural dyes or colorants was derived from plants and
minerals; but afterwards, Perkin used chemicals that were widely available in the
market and with the help of process innovations he was able to produce purple
aniline in the cheapest way. Thanks to those scientific efforts, Germany pioneered
industrialization of chemicals. Table 8 shows that Germany was a leader in the
production of dye; moreover, the country had positive trade balance in the global

chemical market.

Table 12: World Dye Production in 1913 (estimated)

Production in tons Consumption in tons
Germany 135,000 20,000
Switzerland 10,000 3,000
France 7,000 0,000
United Kingdom 5,000 23,000
United States 3,000 26,000
Other producers 2,000
China 28,000
India 8,000
Italy 7,000
Russia 7,000
Japan 5,500

23 Commercial dye refers to the first synthetic organic chemical dye or industrial aniline. 1t is derived
from coal tar (benzene plus toluene). Benzene plus toluene was proceeding with nitration. As a result
of the process, the matter was reduced to aniline. The last process was oxidation. After oxidation,
mauve - aniline purple etc. was obtained. In this process, the most crucial step is obtaining coal
tar. Coal tar is a mineral (of fossilized carbon) and Germany has significant coal reserves and coal
market.
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Table 12: World Dye Production in 1913 (estimated) (continued)

Canada 1,200
Mexico 600
Australia 500
Africa 1,000
Others 22,200
TOTAL 162,000 162,000

Source: (Reader 1970, Volume 1: The Forerunners, 1870-1926:257-58).

The very roots of benefiting from systematic Research and Development (R&D) and
science-drivenindustryweretwoGermanfirms;Bayerand BASFintheendofthe180o0s.
This marked the beginning of a new industrial period where research laboratories
promote science and researchers collaborate with industry. Homburg’s work on
Germandyeindustryshowsthatthereweretwocrucialpointsinthegenesisofresearch
laboratories in Germany. First one is the formation of German patent system in 1877
. The second one is the acceleration of discoveries in chemistry as a result of
the rising numbers of academic chemists (Homburg 1992, 110). On the other
hand, in the beginning of the 1900s when competition in new industrial
sectors (electricity, chemistry etc.) was fierce, American firms such as GE and
Bell had founded research laboratories with the help of American patent law
(Reich 1985). In addition, DuPont established the first research laboratory in 1903
at Delaware to foster the development of chemical industry (Kinnane 2002). Patent
system (or the intellectual property rights) was the oldest institution to induce
innovation and industrial research (Granstrand 1999). Positive correlation between
research and patents was observed in the dyestuff industry during the end of the
1800s. Figure 1 shows that German dyestuff patents were higher than Britain and
US. The foundation of German research laboratories (especially BASF and Hoechst)
between 1870 and 1900, the patent law and the managerial system affected the

production in dyestuff industry in great extent.
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Figure 5: Number of Dye Patents in Germany, 1874 - 1904
Source: (Murmann 2003, 39).

Industry and research collaboration is even more important in an innovation
system approach*. According to this view, innovation emerges with continuous
interaction -both through collaboration and cooperation - of private (firms,
entrepreneurs, private research institutes) and public actors (government, law and
universities) in the boundary of a system (Edquist 2001; Fagerberg, Mowery, and
Nelson 2005, 192; C. Freeman and Soete 1997, 271; Nelson and Rosenberg 1993), (B.-
A. Lundvall 1985, 29). In addition to system approach, Pavitt in 1984 proposed that
chemistry is a science-based sector because development and innovation in the
chemical industry was promoted and fostered by basic science (chemistry, biology,
physics) and research activities (both academic and private) (Pavitt 1984, 362). His
categorization was vital to comprehend the relationship between industry and
science. In short, the genesis of the research laboratory and emerging collaboration
between industry and science triggered the development of the chemical industry.
Science was a suitable tool to foster innovation in chemistry. As Pavitt said, science-
based firms were relatively R&D intensive, innovative and produce patent intense
goods (Pavitt 1984, 360). This created a new production type for the market.
Moreover, science-based firms offer specific solutions (for example substitution of
fuel or rubber in different size and durability) and produce in large amounts as a

result of economies of scale.

24  System of innovation concept was introduced by Lundvall’s work Product Innovation and User-
Producer Interaction, Industrial Development in 1985.
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3.5 Expansion of Population and Industrial Revolution

In 1850, Britain has a significant economic size compared to US and Germany.
The main reason for this economic development was advancement in machinery
as a result of Industrial Revolution. Rise in population accompanied economic
development (Table 9). As a result of expanding population, Britain’s demand
relatively rose (Landes 2003, 54). Cotton manufacturing and industrialization in
the textile industry brought several changes for the chemical industry in Britain.
First of all, expansion in textile industry increase demand from the chemical
industry because the textile producers preferred to use synthetic dye instead of
natural dye (Johnson 2000a). The second one was that changing living conditions
due to new industrial setting (coal mining, textile, rising steam engine etc.) and
the expansion of cities (fashion, new diseases, urbanization problems etc.) required
new intermediates such as dye, soda, oil, synthetic, drugs etc. which were mostly
supplied by the chemical industry. Lastly, between the two war, Britain took
advantage of using chemistry for feeding an expanding industry that created

innovations for further industrial growth (Johnson 20004, 171).

Table 13: Population and GDP Levels 1860-1939

Population (in Thousands) GDP per capita (1990 Int. GK$)
L United L United
Britain | Germany Britain | Germany

States States
1860 28,840 36,840 31,513 2,830 1,639 2,241
1914 46,049 67,790 99,118 4,927 3,059 4,799
1925 45,059 03,166 115,832 5,144 3,532 0,282
1939 47,991 69,286 131,028 06,262 5,400 06,561

Source: (Maddison 1991, 232-35, 2003).

Germany and US had the same population advantage (i.e., size) as Britain. Comparing
with the 1800s, Germany transformed its market in to a less regulated one. In
an age of heavy regulation around the world, deregulation was an advantage to
realize economic growth. In addition, deregulation caused free market conditions
to promote which brought breaking-up guilds, technical advancements and
industrial growth in sectors like chemistry, metallurgy and mechanics (Bernal 2010,
The Scientific and Industrial Revolutions:500). Britain and Germany had different
approaches in developing the chemical sector according to Schroter. For example,
cooperation and competition observed as important processes in developing the
sector (Homburg, Travis, and Schréter 1998, 49). In addition, Alfred Chandler also

emphasized the role of cooperation between firms and individuals when chemistry
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was emerging as a sector (Alfred D. Chandler 1990). Accordingly, in the end of
1800s, Germany had a greater performance in chemistry in terms of promoting
innovation and research activities. This performance also stemmed from demand
conditions in the country and proper “science” and a university system as a
mechanism which made cooperation between firms and academics easier. German
dye industry, both domestically and internationally, was positively affected by size,
industrial development and a rewarding science and university system, Germany,
in 1863, produced %05 of total world dyestuffs (Meyer-Thurow 1982, 362).

In brief, importance of chemical sector in an economy arguably is observed in
different ways. In Germany case, dyestuff and chemical products like inorganic
chemicals (dye, soda, aniline etc.) was widely produced due to economic reasons.
In fact, economic value of chemicals was high as a result of discovering inorganic
chemicals like synthetic, rubber and nylon. Demand conditions and new market
opportunity pushed German firms to access new dyestuff market. According to
Murmann and Homburg, as a result of evolutionary conditions, there were many
firms which willing to enter dye market across country during the end of the
nineteenth century (Murmann and Homburg 2014). In the global level, dyestuff
market was dominated by German firms between end of the 1800s and beginning
of the 1900s shown Figure 2. Other market players like France, Switzerland, and
Britain had different economic pattern. France was a leader in production of
automobile. Britain had a greater chemical producer and its firms, named 1Cl
(Imperial Chemical Industries), produced high number of chemicals. Historically,
Britain was major country in producing synthetic dye industry in the early stage
of dyestuff market (Reader 1970). However, how did Germany firms extremely rise
among other countries? The question can be answered in three facts. First is R&D
and science basis. German firms had own chemist and R&D division in order to
make new chemical processes and products. This organizational advantage was
main factor in making new chemicals and process (Homburg 1992). Second is
Patent Law of Germany. For German dye firms, firms were lobbying to parliament
and changed the law according to their benefits. For dye-making process, firms
took incentives to make R&D and they granted 15-year monopoly right in the
market (Murmann and Homburg 2014, 199). Third was number of firms. There
was enormously higher competition between German firms compared to France,
Britain and importantly USA. Those are important points to comprehend emerging
of German dominant dye market. On the other hand, chemical production in
USA was not insignificant; however, USA was latecomer in entering the dye

industry. Actually, USA had a vital role to make innovation in chemical industry.
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There were small numbers of firms however they had private and public R&D
systems. Furthermore, relatively, university and industry cooperation risen in the
beginning of the twentieth century (Homburg 1992). However, in the USA, dye
producer numbers were low as compared with other European countries. There
were two important reasons for explain this. First is lacking of textile network.
According to Homburg, contrary to European case, USA had not a chance to
develop network with firms which demanding synthetic dyes across trade route
(Homburg 1983). Second was that USA did not possess own chemical suppliers and

chemical intermediates. This problem was solved through trading with European

firms.
First First
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Figure 6: Number of Dye Firms
Source: Data from (Murmann and Homburg 2014, 191). Before consolidation
of German firms (1G Farben) and DuPont’s establishment date is added to Mur-

mann & Homburg’s data in order to enhance figure

Finally, in the global level, demand conditions, and utilization of economic values
was prominent role in developing chemical sectors both USA and European firms.
With the evolutionary perspective reasons that caused changing and variety
between countries must be take account in order to understand economic relations.

Furthermore, both each case, there are several important points economically.
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First is firm variety and competition. End of the 1800s, European chemical market
was more competitive than USA. Nevertheless, after World War 1, producing
different types of chemical products and innovative generic products was mainly
coming from US continent. Second is difference in education and science systems.
Germany has unique R&D systems which was directly work for the industry. On
the other hand, USA had R&D system; however, organizational functionality was

not as advanced as Germany’s one.

This chapter aims to show the historical differences between Germany and USA.
There are many causations in each case economically, politically, and historically.
In this part of the thesis, historical and economic reasons is presented. Next chapter
discusses firm level analyses to comprehend how did two chemical giants emerge?
and which pattern did they use? Formation of IG Farben and Du Pont is issued in
next chapter. The main concerning of the chapter is to understand several topics
such as state relations, networks, organizational differences and science-industry

relations.
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CHAPTER 4

HISTORY OF THE FIRMS: 1G FARBEN AND DUPONT

“Without coal and IG Farben, I can have no foreign policy.”

Gustav Stresemann®

“The German nation is forced to live within a much too restricted space. Barred from owning the world’s
sources of raw materials, it is forced to produce the raw materials it needs for its national security out
of its own deposits-from coal, salts, lime and other substances, as well as from air and water through
chemical means.”

Carl Krauch?®

“More powerfully than any other industrial combine, IG Farben put its talents and capacities to service
of the Nazi program of atmament, autharky, aggression and annihilation.”

Stephan H. Lindner”
“DuPont people have transformed their company successfully for two centuries, making DuPont one
of the most successful and sustained industrial enterprises in the world. Their story makes for exciting

history, and this timeline tells how they did it.”

DuPont*

4.1 1G Farben: Making a Chemical Giant

In economic literature, monopoly is defined by three main characteristics: making
more profit, controlling market prices and barriers to entry (Bannock 2003, 262).

1G Farben was founded on similar grounds to realize several goals such as reducing

25 Foreign Minister of Weimar Republic in Germany between 1923-1929.

26 He was the former executive in BASF until the establishment of 1G Farben. Also, he was a member
of NSDAP (National Socialist German Workers Party), and responsible for Reich Office of Economic
Development (Reichsamt fiir Wirtschaftsausbau) in 1936 (Hentschel 19906, 162; Macrakis 1993, 102).

27 Professor and author of Inside IG Farben: Hoechst During the Third Reich.
28 DuPont’s anonomous motto. It is quoted from the website: https://goo.gl/4KC6g1 (accessed date:

20106-11-22).
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the production costs, diminishing operational and administrative costs, making
high profit in the sector, and standing against suppression of competition from
domestic and foreign markets (Lindner 2008). In addition, 1G Farben’s firms (BASF,
Bayer, AGFA, Hoechst, Griesheim-Elektron, Weiler-ter Meer) aimed to manage
scarce resources with the help of science of chemistry during the World War 1.
In the beginning of 1900s, 1G Farben economically focused on subsiding scarce
and expensive goods (such as organics: drugs, dyes, rubbers, fibers etc.). According
to Reader and Murmann, in the beginning of 1900s Germany had a great role in
the production of dye among other countries. Germany was a major producer and
exporter at that time (Murmann 2003, 38; Reader 1970, Volume 1: The Forerunners,
1870-1926:258). Besides, there were two large competitors. The USA (DuPont) and
Britain (ICI) were the primary rivals in terms of production of organic chemicals.
The statistics of dye production also supported this picture (Reader 1970). Reader’s
detailed work showed that production of dye was 135,000 tons in Germany whereas
consumption was only 20,000 tons. This gives a clue about Germany’s production
position in the market. On the other hand, USA’s and Britain’s (IC1 was also a merger
company which was founded in 1926) production efforts were considerable as well.
Although, USA, Britain and France were main actors and innovators, which were
responsible for many innovations in the synthetic dye sector from 1870 to 1900,
Germany dominated the competition in the beginning of 1900s (Murmann 2003,
36-38). Figure 4 shows German foreign trade comparing 1900 and 1913. According
to the data, German dyestuff industry and other chemical production exponentially
increased between 1900 (represented in yellow) and 1913 (represented in blue). For
instance, export of dyestuff was at the level of 5 million Sterling in 1900. In 1913,
the numbers doubled to 11 million Sterling. Export of other chemical products rose

as well.
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Figure 7: Exports and Imports of Chemical Products and Dyestuffs of Germany
Source: Data are composed from Haber (1971, p. 109).

In 1913, Germany had a net output of 120 million sterling and employed 120,000
people in the chemical and allied industries. Britain, which was the main rival in
chemical sector, had 11.3 million sterling net output and employed 61,000 in 1912.
On the other hand, USA had 840 million dollars (equal to 171 million sterling)*
net output in all chemical sector including petroleum refining, ammunition and
black powder. Excluding the goods of other chemicals, USA had 77 million sterling
output and about 67,000 employees (Haber 1971, 108, 135, 174.; League of Nations
Secretariat 1927). Both ICl and DuPont had the biggest market share in their
domestic market. However, the highest demand from the rest of the world (East,
China and India textile sectors) was generally met by IG Farben and its scientific
talent. According to Chandler, British dyestuff corporations (especially before 1CI)
could compete with other firms in the world market thanks to the contributions of
1G Farben’s technical knowledge (know-how) (Alfred D. Chandler 1990, 360). New
rivals in the chemical sector resulted in cooperation among firms. Therefore, new
market opportunities were assimilated by the big companies like Du Pont and 1G
Farben.

Before the merger (before 1925), there was no stable condition in the chemical

sector. Both the Great War and recession before the Great Depression affected the

29 Currency used as $4.90 = £1 according to Haber’s work (Haber 1971, 174).
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producers in terms of making new business and competing with rivals. As a result
of the Great War, Germany had to pay war reparation according to the Treaty of
Versailles. The Treaty proposed that Allied Reparations Commission set administered
price for the chemical products produced in Germany. Hence, Germany, in other
words 1G Farben, paid reparations to France at an administered price. The products
varied from organic chemicals (dye, fertilizers) to pharmaceuticals (drugs) (Alfred
D. Chandler 1990, 564; Haber 1971, 249). The commission mainly focused on
determining available resources of Germany and making payment possible in
accordance with Treaty of Versailles Article 233 (Hay 2002). This was a burden for the
German economy which continued until Hitler’s march to the parliament in 1933.
In short, there were several reasons of the establishment of 1G Farben which can be

summarized under four main topics.

1. Unstable economic conditions after the Great War.

2. High and nearly impossible war obligations: financial oppression on

chemical industries.

3. Rivals abroad and in home: Germany did not want to lose its market

supply power in the world market.

4. Scarcity of national resources.

At this point, Carl Duisberg (Bayer’s executive) had already underlined the necessity
of stabilization for the chemical firms in Germany. In 1904, Duisberg called for all
organic chemistry firms to create a monopoly in order to gain economic advantage
(in other words to exploid economies of scale)®. Duisberg’s call brought success
to chemical firms in 1916. Big three (AGFA, BASF, Bayer) was founded as first 1G
known as single 1G in the literature. Afterward, Duisberg proposed a new idea of
union in order to avoid extra tax burden on the merger. This idea was accepted by
all of the firms. At the merging stage, the biggest problem was the centralization of
all activities and making new organization under one name. Stabilization came in
1924, and firms had the right to keep their individual names in internal activities

and trademarks. Finally, 1G Farben was established with its six constituents.

The name of 1G Farben comes from Interessen-Gemeinschaft Farbenindustrie
AktienGesellschaft (meaning community interest of dye-makers). It was officially
founded in December 9, 1925 in Frankfurt, Germany. 1G Farben was considered as

a giant cartel because it was the largest non-governmental organization in Europe

30 Monopolistic market structure was common in Germany. For example, another important
cartel was established by German Thyssen group (which consisted of Thyssen-Hiitte AG, Krupp,
and Hoesch-Werke AG) in order to form the national steel monopoly.
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and the fourth in the world market between 1925-45 (Hayes 1987; Jeffreys 2010, 9;
Lindner 2008). 1G Farben consisted of six relatively big chemicals, pharmaceutical
and dye-making companies. In 1925, Bayer (1863, pharmaceutical company), directed
by Carl Duisberg, BASF* (1865, organic chemistry, dye-making) managed by Carl
Bosch, AGFA (1867, medical and daily imagining systems), Griesheim-Elektron
(1850, electrochemistry), Weiler-ter Meer (1877, textile dyes) and Hoechst (1862, dye-
making) came together to form one company: 1G Farben (Abelshauser et al. 2008;

Aftalion 1991, 41, 103, 125; Heine 1990; F. S. Taylor 1957).

Clarifying the relationship between constituent firms and cartel partnership
the discussion in this chapter benefits from network analysis. Purple nodes
represent sectoral composition of the firms. 1G Farben expanded to reduce within
competition in Germany so to increase competitiveness of the overall chemical
sector in order to exploid economies of scale thus power relations were one of the
main elements of constituent firms. Therefore, in the analysis, use betweenness
centrality to visualize power relations in terms of being central in the network (i.e.,
how important a node is in connecting to unconnected nodes). Turquoise nodes
represent firms. This simple analysis show that, 1G Farben’s constituent firms come
from different field of the chemical sector. Another key point, many relationships

was determinant in founding of 1G Farben.

Figuressummarizeshowtheestablishmentof1GFarbenoccurred usingbetweenness
centrality among edges and nodes. In the figure, successors of the companies are also
represented. In the figure, nodes are firms weighted by firms’ turnover size and edges
are defined as merging (red lines) into the 1G Farben. Merging edges are weighted
according to firms’ organizational sizes, which reflect production amount and value
added in the global market. 1 to 12 levels of weight are used for this purpose. Lastly,
become (yellow lines) and owned (brown lines) edges point the situation of the firms
after World War 11. For example, Bayer founded in 1863 became part of the 1G
in 1925, relatively large size of the node reflects turnover and Bayer’s acquisition
variety. Bayer acquired Corn King Co., Pacific Plastic Co. and Ashe-Lockhart Inc.
as can be seen from the brown lines in the figure. According to the figure, merging
cluster shows that in the chemical sector, all merger companies benefited from
scale and scope economies. On the other hand, the figure shows different types of
main areas of firms (i.e., the purple nodes: organic, electrochemistry etc.). Thanks

to interrelationship between firms, the cost of learning for seeking new technology,

31 Both Bosch and Fritz received Nobel Prize in Chemistry (respectively 1931 and 1918) and their
invention which was Bosch-Haber Process was a notable progress in the production of ammonia
in 19710.
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resources and markets was reduced. In the next part of the thesis, interrelationship
between other merger companies and investments that were made by 1G Farben
at home and abroad will be illustrated. In summary Figure 8 shows the evolution
of firms, how 1G Farben was formed and what it become after it dissolved at the
end of the 11 World War. It was a huge organization carefully engineered to cover
main areas of the chemical sector and at the same time that brings big players in

the same area together.
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I1G Farben was not only established for competing with other countries or getting over
the economic recession, but it also was a giant organizational corporation which provided
capital accumulation and technology transfer between merger firms. Haber stated that the
shares of single 1G were based on constituent firms’ profit amounts. According to firm’s
profit numbers in 1906, BASF, Bayer, Hoechst had share of %24,82; Casella had %9,81;
AGFA had %8,08; Grisheim Elektron had %6; Weiler-ter Meer had %1,65. The 1G shares of
individual firms reflect these numbers. There is the evidence that the cartel supplied cap-
ital and financial support among its members in order to diminish inequality (Haber 1971,
280-81). In addition to this, 1G Farben exchanged licence, know-how and technological
expertise. After the merger, nearly all firms continued their activities in their plants and
buildings. However, the management was centralized, and all activities were controlled by
the Central and Working Committees. Next part of this chapter will analyse the organiza-
tional aspects of 1G Farben in detail. All central committees and structure of the organiza-
tion are illustrated in the next part. The very details of the relation between organization

and research are left to Chapter 5 and 6.

4.1.1 Teaching an old dog new trick: Organizational Structure of 1G Farben

Germany had a long cartelisation story in its economic history. Cartels rose after
the Great War as a result of instability in the economy and shortage of resources.
Also, the main idea was economics of scale and its advantage on both home
and abroad. According to Braun’s comprehensive work on German economy,
cartelisation gained importance in the late nineteenth century, in other words, at
time of the Great Depression. Especially, sectors subject to scale economies like
mining, steel, chemistry and iron had higher fixed costs, needed more specialized
labour and had higher technological costs (R&D) which were the main reasons
why firms tended to concentrate and form cartels (Braun 1990, 20-22). 1G Farben
was also established with more or less the same considerations. The first merger
idea came from Duisberg. According to Duisberg, the most efficient way in the dye
sector was specialization and producing in a way which was less costly than the
rest of the world. 1G Farben’s first organizational strategy was outlined by Duisberg
as well. Organization structure of 1G Farben was unique compared to other rivals
such as the 1CI (British) cartel and DuPont (USA). There were several differences as

regards to organization.

Firstly, 1G Farben had a complicated relationship between internal and external
economic activities. This means that merger firms followed their own economic
activities, organizational routines, relationships and cooperation both in home and

abroad. There were six main constituents in the beginning. Afterward, between
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1926 and 1939, there were many partnerships and acquisitions. Figure 6 explains
these complex relations of 1G Farben between 1916 and 1945. All edges and nodes
data come from different historical sources like seminal works, books and archival
data. The size of the nodes reflects the betweenness centrality. The analysis shows
that 1G Farben was based on a complex organizational structure. It had 10 direct
relationships and 24 indirect relationships, which shows that 1G Farben was a
great conglomeration that promoted, benefited and exploited variety of industries
such as chemical, oil, electronics, and mechanics. This complex network enabled
1G Farben to benefit from scale advantages and reduction of learning costs. For
example, gasoline was produced synthetically by 1G in 1927. Afterward, 1G Farben
acquired share of the Deutsche Gasoline which was an attempt to enter a new
market as a major player. In addition, this new sector (gasoline) created new
learning opportunities both organizationally and scientifically. As a result of this
acquisition, 1G Farben reduced marketing costs. 1G Farben was not a corporate
like others in USA and Britain. Its strategy was designed to reduce the costs and
find efficient ways of production. Developing new organizational settings and
marketing tools was just strategies to achieve cost reduction and efficiency gains
in production. According to Chandler, Duisberg and Bosch agreed that constituent
firms were capable of developing new products and inventions due to their old
and long histories (Alfred D. Chandler 1990, 584). Each constituent firm brought
its resources, network and work routines. In addition, Haber supported this idea
from a different angle. Farben was founded on the grounds of reaching economic
efficiency in large scale between 1925 and 1939. Firms which were at small scale had

their own technical and scientific capabilities (Haber 1971, 285).

Secondly, 1G Farben centralized its own internal firm’s relations. There was an
administrative council. It worked as general management of the firms in present
day meaning. The head of the council may be called as the CEO of the firm - a
position and its duties whom were carried out by Carl Duisberg. At this point one
should keep in mind that, Duisberg was already experienced because of leading and
organizing the 1904 and 1916 alliances (Alfred D. Chandler 1990, 564). His leading
arguments were obviously supported by Hoechst and Bayer (Lindner 2008, 22-24).
However, opposition in management of 1G Farben came from Carl Bosch who was
the chair at the Working Committee. Bosch and Duisberg did not agree about the
firms’ structure. Duisberg’s ideas were more democratic than Bosch’s. Duisberg
believed an organization that constituents participate in full strength especially in
strategic decision making and the business management positions better be filled

by elections. Linder calls this “a sharp difference” between two leading chairmans
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(Lindner 2008, 22). The discussion remained on the agenda until the establishment
of the 1G in 1925. Afterward, Bosch insisted on his more autocratic ideas about
management of the firm. Bosch’s position was autocratic in the sense that all stages
of the management were designed under one-handed decision of the manager. This
highly centralized decision making gave great power to Bosch. Most of the time
he implemented his own decisions without the consent of other board members

which was an important organizational management difference of 1G Farben.

Bosch was a quick-minded person and his selection of company employees was
done according to practical and pragmatic reasons. For example, in Bosch’s idea, a
famous and successful chemist was a reason to be selected to head of the research
and development department. He could be thought as autocratic leader who prefer
using more authoritarian way in organization rather than using more democratic
ways (Alfred D. Chandler 1990, 567; Haber 1971, 284).
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Farben, research and development activities was fundamentally conducted by the
self-government in Sparte under the supervision of the headquarter in Frankfurt
(Alfred D. Chandler 1990, 560).

These production and research systems were unique to 1G Farben. Rivals in the
chemical industry like 1Cl and DuPont had their own unique systems. These
complex organizational systems and its benefits were also analysed by Chandler
as a “comparative managerial system” which means that large enterprises and its
complex organizational systems enable efficient production through learning.
Managerial capabilities and unique organizational designs were important to
handle advantages and disadvantages that accrue from scale and scope. As a result
of this, capitalist corporates may tend to make their activities innovatively in large
scale (Alfred D. Chandler 1990, 587). Chandler’s idea finds its support in 1G Farben

of Germany. Figure 7 shows the complex structure of 1G Farben’s organization.

32 Heinrich Caro was a German chemist who was responsible for synthesizing alizarin dye at
BASF research laboratory.

77



Administrative Council

Duisberg

[

Central Committee
Bosch

i

Working Committee
/ Bosch \
Technical Committe Commercial Committee

| |
!

BRANCH 1 m BRANCH 3
Osler Sclmeader ?charf Weber- Andreae Schm tzler Mam\ Otto
] 1

Oil Mines
SALES

Deutsche
- S et ||| \ oot | 2.
i R
Kiihne/ Fe N
Gaus /}(ta\mh Scllﬂrf Pistor | terMeer | :_ ‘Hoei-lein

PRODUCTION '

I ! 1 I T T ]
Schmitz
COMMISSIONS Purchasing | Technical | Social | | Bookkesping / Audidng | ’ Legal ‘ | Shipping ‘ ‘ Procurator
: ! ! ] I I I
1 1 1 1 1
AN UPPER RHINE MID RHINE LOWER RHINE CENTRAL GERMANY BEREILS
COMMUNITIES Eany Duden Krekeler Pistor . Ga;ewslkl
6 Main Plants 9 Main Plants 7 Main Plants 6 Main Plants Main Plants

Figure 10: Complex Organizational Structure of 1G Farben
Source: Redesigned and compiled from (Alfred D. Chandler 1990, 570; Hayes
1987, 388).

Notes: Manager names are indicated in bold.

This organization schema presents 1G Farben’s intra-business relations. In short,
1G Farben was governed by a unique complex managerial system where divisions
(especially research) were self-managed quasi-independent entities that report
and act according to the general routines that are established by the centralized

working committees.

4.1.2 Research activities of 1G Farben and Hitler’s Rising

There were sharp differences between Hindenburg’s (1925 - 1933) and Hitler’s

(1933 - 1945) governmental service in terms of 1G Farben’s science, production,
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and research efforts. When Hindenburg was defeated by Hitler in a democratic
way in 1933, Farben’s freedom was constrained by the authoritarian government.
Before Hitler, G Farben mainly focused strengthening its competitive position and
international cooperation. When Hitler took the office he immediately called the
1G Farben Vorstand (Governing board) to decide on the new economic agenda of
Germany (Hayes 1987, 84). Initially, Nazis demanded money for developing and
supporting its party agenda on the condition that 1G Farben could carry out its
routine activities (Hayes 1987, 86). This was the beginning of Nazis’ intervention
to the corporations like the I1G. In 1939, Poland was occupied and World War 11 was
ignited by Germans. The short process from the Nazi occupation to the start of the
World War 11 slowly transformed 1G Farben from a free self-governing giant cartel

in to a state-controlled corporation.

1G Farben was a relatively free firm in terms of decision making between 1925-
1929. After the crisis and rising fascism, the authoritarian government slowly
transformed the firm. In such a short time 1G occupied a central role in not only
supplying resources to pursue war but also financing the war. For instance, Reich’s
needs was proposed to 1G representatives in a series of secret meetings in 1940
(Jeffreys 2010, 274). Those meetings were arranged by the Economic Ministry and
Wehrmacht commanders. The Nazis demanded synthetic fuel, gasoline, synthetic
rubber and rayon during the war (Alfred D. Chandler 1990, 583; Cornwell 2004, 371)
which were all provided by 1G Farben’s plants. For rayon and similar business lines,
1G Farben made a joint venture contract with VSt (Alfred D. Chandler 1990). Figure
8 shows the chemical production index (all areas coal, oil, organic and inorganic
etc.) between 1925 and 1929. Production was moderately constant (1925=100) in the
stabilization and establishment era. Subsequently, in the following years, Germany’s
chemical sector production rose %7.9 annually on average while German economy

grew %4 annually (Abelshauser et al. 2008, 212).
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Figure 11: Chemical Production in Germany between 1925 and 1929

140

100
80
60
40

0

1925 1926 1927 1928 1929

=3
(=]

Source: (Abelshauser et al. 2008, 213).

There is no reliable data on the turnover and the German industrial production
between 1939 and 1945. However, Haber stated that 1G Farben, in 1926, had a
turnover of 1027 million RM. In 1929, it was 1420 million RM (Haber 1971, 284).
According to Chandler and ter Meer’s works, in 1933, when Hitler came in to power
turnover was 891 million RM. Just before the war, in 1939, Farben had 1939 million
RM turnover (Alfred D. Chandler 1990, 581; TerMeer 1953, 116). 1G Farben employed
84,000 persons in 1925. In 1928, this number was 114,000 persons. Furthermore,
in the concentration camps at Auschwitz and Buna about 300,000 slave labour
settled during the war and around 30,000 died in the camps in 1944 (Cornwell
2004, 373). Moreover, 10,000 people® were working under the Buna rubber factories
based on Nazis’ Four Year Plan (Rees 2005, 222). In short, 1G Farben transformed
its production line and slowly evolved from a free corporation that benefitted
scale economies to achieve cost minimization to a giant cartel that not only served
but also gained from the authoritarian power. World War 11 stimulated Farben’s
production by great extent. However, scientific activities and especially research
was conducted according to Nazis’ needs just opposite to the early times of the firm

where research was by and large governed in a decentralized manner. Nazis’ final

33 Famous Italian Writer Primo Levi also was forced to work in the Buna factory. Levi told his bad
experience with chemistry laboratory in his book entitled as If This Is a Man as: “The ravaged Buna
lies under the first snows, silent and stiff like an enormous corpse; every day the sirens of the Fliegeralarm
wail; the Russians are fifty miles away. The electric power station has stopped, the methanol rectification
columns no longer exist, three of the four acetylene gasometers have been blown up.” (Levi 1959, 161)
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solution®** and the Jewish policy afterwards were the turning points for the firm
(Jeffreys 2010, 310). Afterall, the main aim of the Nazi plan was to excluded Jewish,

political opponents and “others” by murdering them in systematic way.

In light of the historic business background, 1G Farben can be assessed roughly in
four major periods, which are; before the merger (1906 - 1925), founding and rising
period (1925 - 1933), Nazi period (1933 - 1945), and liquidation period (1945 - 2012).
The research activities of the firm were highly extensive in the first and second
period for several reasons. The first reason was that constituent firms had research
experience from the past. BASF was founded in 1865 and it had its own research
laboratory inside the firm. Cooperation with the university was carried out by Caro
himself (Abelshauser et al. 2008, 52-53). This relationship was defined as “symbiotic”
since Caro and BASF sent researchers and employees to universities specifically
for obtaining scientific knowledge from the university. As a result of this, BASF
established its central laboratory in 1877 (Hauptlaboratorium)® in order to spur and
use scientific knowledge for innovation activities (Homburg 1992, 100). In addition,
because of Duisberg’s initiative, Hoechst opened its own central laboratory in 1889.
It has been already stated that 1G Farben had no central laboratory (Haber 1971,
357). Premises of individual firms were maintained, for example, AGFA developed
its photo and imagining research in Berlin and USA (Ansco), BASF had research

operations in its main laboratory in Ludwigshafen (Abelshauser et al. 2008, 230).

34 The extermination of Jewish people was a Nazi plan. Eichmann was the key person responsible
for the transportation of the Jewish people to the camps. Those camps also included 1G Farben’s
plants such as Buna-Werke, Birkaneu and Monowitz. Farben agreed the transformation of the
plants into concentration camps and financed them (Borkin 1979). Furthermore, Hannah Arendt,
an observer and reporter at Adolf Eichmann’s trial, reported that Eichmann had a responsibility of
sending people to suitable camps. This process was done by him according to “absorptive capacity”
(words of Arendt) of the persons. A giant like 1G Farben used these people as resource in their
business (Arendt 1994, 249). Towards the end of the War, strong business relationship changed
and Himmler interestingly changed his mind. Besides the financial suppot of 1G Farben and
Krupp, Himmler demanded money and goods from the Jewish society. There was an interesting
moment according to Arendt in Jerusalem trial. She quoted that “In a discussion of Himmler’s offer
in 1944 to exchange a million Jews for ten thousand trucks, and his own role in this plan, Eichmann was
asked: “Mr. Witness, in the negotiations with your superiors, did you express any pity for the Jews and
did you say there was room to help them?” And he replied: “I am here under oath and must speak the
truth. Not out of mercy did I launch this transaction”—which would have been fine, except that it was
not Eichmann who “launched” it. But he then continued, quite truthfully: “My reasons I explained this
morning,” and they were as follows: Himmler had sent his own man to Budapest to deal with matters
of Jewish emigration. (Which, incidentally, had become a flourishing business: for enormous amounts of
money, Jews could buy their way out. Eichmann, however, did not mention this.)” (Arendt 1994, 105).

35 This means that BASF did not have only one central laboratory. Many of the private and small
laboratories were handled by BASF during that time. Moreover, work of Homburg et al. shows a
systematic relationship of research and innovation inside BASF and Hoechst’s activities.
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Hoechst had process laboratory which conducted applied research and developed
chemicals to make intermediates in 1934 (Lindner 2008, 274). The second reason
was that German firms cared about research and management issues because of
the competitiveness and high profit in the new emerged market. The country had a
huge chemical industry and they were experienced in routine testing and analysing
inside the laboratories (Haber 1971, 357). The situation created a successful path
for German chemical industry had already benefited from systematically research
generously. Similarly, DuPont was the first firm doing research too. At this point,
the path was shaped by the German view of science and the chemical industry

provided innovations for other industries like pharmacy, automotive, defence etc.

Table 14: Research Activities of 1G Farben (RM million)

1927 1928 1929 1930
Research 106 92 82 56
Sales 500 540 480 340
Sparte | Turnover 590 670 672 500
(nitrogen, oil Research % 21,2 17,04 17,08 16,47
from coal, syn-
thetic products)
Research 40 40 48 38
Sales 686 760 702 700
Sparte Il Turnover 1035 1116 1112 915
(dyes, pharma- Research % 5,83 5,26 6,06 5,43
ceuticals and
general chem-
icals)
Research 8 8 8 6
Sales 8o 120 150 130
Turnover 90 114 120 116
Sparte 111
(photo prod-
ucts, films, Research % 10,00 6,67 5,33 4,62
fibres and other
imagining
products)
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Table 14: Research Activities of 1G Farben (RM million) (continued)

Research 154 140 138 100

Sales 1266 1420 1422 1170

Total 4 4 /
Turnover 1715 1900 1004 1531

Research % 12,16 9,86 9,70 8,55

Source: Compiled and redesigned from (Alfred D. Chandler 1990, 581; Haber
1971, 358; Tammen 1978, 50; TerMeer 1953, 110).

Notes: Research, sales and turnover figures have been rounded off. Some figures were in Sterling
currency. Conversion of the currencies were calculated according to Bidwell, 1970, p. 22; Haber,
1971 (20 RM= 1 Sterling between 1927 - 1930). After conversion and compiling of the data, which
was taken from the German archives, all data was cross checked with noticeable works in the liter-
ature on 1G Farben.

Research expenditures of 1G Farben are summarized in Table 11. According to
the table, production divisions (in German Sparte) managed different level of
productions. Sparte 1 was responsible for producing matters such as nitrogen, oil
from coal, synthetic products. The division had the biggest expenditure amount
amongtheothers.In1927, Research expenditure was 106 million RM and towards the
global crisis it reduced to 82 million RM. In 1930, all divisions reduced expenditures
due to the global crisis. Sparte 2 produced dyes, pharmaceuticals and general
chemicals. In this level, responsibility of research was on the oldest chemical firms
like BASF and Bayer. Their rich human capital with capable labour, well-equipped
laboratories and technology patents and licences set up a research strong base
where further research activities flourish. This division had the highest turnover
numbers, which can be observed from Table 11. In 1927, %60 of total turnover was
provided by Sparte 2. Sparte 3 had relatively lower research numbers. This sparte
included photography products, films, fibres and other imagining products that
were mainly produced by AGFA in Berlin. Average research expenditure was %17
of total sales for Sparte 1 between 1927 and 1930. For others, those numbers were
under %10. In sum, 1G Farben invested %10,07 of its turnover to research activities
in the late 1920s. This number is huge by current standards. For instance, BASF
invested 1.8 billion to R&D activities in 2016, which is only %3,2 of total sales. On
the other hand, Bayer invested 4.6 billion to R&D activities, which is roughly %10
of its sales (“Bayer’s Annual Report 2016” n.d., “BASF: Half-Year Financial Report
2017” n.d.). Du Pont spent about 1.6 billion to R&D, which is about %065 of total sales.
Compared to these numbers driven mainly by the current knowledge economy

investing about %12-13 to research in 1925 is very important.
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When IG Farben and university relations are considered, strong relations of the
firm with the university students and academic staff was observed. Chemical
manufacturers like BASF and Bayer retained their research activities inside
the factories (at Ludwigshafen) and support it from the outside utilizing links
with the university. In a similar manner, IG Farben carried out its research
and development activities within the factories with the support of academics
(Abelshauser et al. 2008, 230). Working groups of 1G Farben were responsible for
conducting and managing such activities. According Abelshauser et al., at the end
of 1925, 44 academics were employed as researchers and academic consultants
in 1G Farben. This number was 47 in the early 1930s (Abelshauser et al. 2008,
231). Ludwigshafen was the main centre of R&D for both 1G Farben and BASF
where ammonia was largely developed and produced. Oppau plant was an
investment of BASF before the merger. It produced agricultural fertilizers and
several intermediates for the industry. Moreover, there were several important
laboratories in 1G Farben the most important of which was the High Pressure
Experimental laboratory. Its activities were conducted by Matthias Pier who was
an industrial chemist working on the production of synthetic gas and methanol
(Abelshauser et al. 2008, 232). Total workforce in Oppau was 14,631 in 1925. This

number increased till the Great Depression.

On the other hand, the number of chemistry students could be a good example
of the national attitude towards the chemistry sector. In Germany, between 1920
- 1929, there were about 31.500 chemistry students (Haber 1971). USA had about
18.900 students about the same time®. When size of the countries is taken in to
consideration one can see the importance of chemistry in Germany. However, the
importance of chemistry education may be helpful to understand national policy
on industrial production. Germany had paid attention to education-science-
industry relations from the beginning of 1800s to early 1900s. The establishment of
BASF and Bayer was a proof for the national policy of industrialization. Chemistry
required skilled persons who were willing to test, analyse, research, develop
and eventually produce. This means that theoretical knowledge and practical
knowhow formed the main impetus for the development of chemistry as science,
which was also valid for industrial chemistry. Just to give an example regarding the
importance of chemistry one can consider Nobel Prize in chemistry during the life
of 1G Farben. The Nobel Prize data shows that the total number of the prizes was
seven for Germany between 1927 - 1944. For the same time period, the USA had

only two Nobel Prizes in chemistry (Rajasekharan and Tiwari 2016).

36 By the way, the number did not include the years between 1922 - 1923.
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4.1.3 End of 1G Farben and Liquidation after World War 11

Although, 1G Farben was the biggest corporation in Europe and the pioneer for
research and scientific activities, it had a corrupt reputation after Hitler. After
Duisberg’s leadership, Carl Bosch took the top management in 1935. Meanwhile,
Hitler proposed a new economic plan for Germany. Afterward, in 1936, Four-year
Plan for Germany was put into force by Hermann Goering. The justifications
were simple: making a new German economy, which was self-sufficient and that
promoted industrial, scientific and technological production for economic recovery
and independency. Hitler justified his idea with words: “I am establishing this today
as the new Four-Year Program. In four years Germany, must be completely independent
of foreign countries with regard to all materials that German talent, our chemistry
and machine industry, as well as our mining industry can itself produce in some way.”
(Noakes and Pridham 1998).

The plan was conducted in several steps one of which was conducting research and
development activities. Karl Krauch was made the responsible chemist and manager
for the activities by Goering (unofficial name was Office for the Expansion of IG Farben
in Germany: Amt fur IG-Farben Ausbau) (Hentschel 1996, 32). The second step was
making an agreement with 1G Farben on some important issues regarding resource
management, input production and finance. Domestic fuel must be produced by
the Germans with resources at limits in Germany. According to Krauch, this was
possible by using raw materials. Production of aviation fuel was a vital step for
both the aftermath of the war and the destiny of Hitler. Krauch via hydrogenation
process made aviation fuel production possible. Testing of the fuel was done by
Lufthansa (Borkin 1979, 57-58). Providing resources for Germany in support of
preparation for the war was a turning point in the history of 1G Farben. This tight
relation between Nazi Germany and the firm was based on another agreement to
make more fuel and rubber for Germany. Hitler demanded to increase 1G Farben’s
capacity of plants to increase the production of fuel. In return, Nazis gave aguarantee
to 1G Farben to pay the cost of production. According to Borkin, this was a critical
moment in political history, since Hitler was able to solve the problem of foreign
dependency on oil. The production of synthetic fuel was an important element for
the German defence in the World War 11 (Borkin 1979, 60). The same conditions
were valid for the problem of dependency on rubber. Several concentration camps
(Buna-Werke camps in Poland etc.) and slave labour (Jewish, political offenders,
gypsies etc.) served to make rubber and develop a synthetic substitute for it (Harp

2010, 105). 1G Farben relations with the Nazis are clearly observed in Table 12. From
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1933 to 1939, net profits and support to Nazi party gradually increased. After the
four-year plan of NSDAP, contribution from IG Farben and other enterprises (such
as Krupp, steel trust etc.) also gave support for the policies and the accompanying
strategies of the Nazis. Before the War broke, 1G Farben was the main producer for
and supporter of the National Socialist Party. Table 12 also shows that contribution
to NSDAP was a profitable business for 1G. The contributions as ratio to net profits
rose from %4 to %0 in three years. But especially after 1936 the ratio falls to about
%3-4 though contributions in absolute terms rise. It is remarkable to see that from
1935 onwards profits doubled in a year and tripled in about three years which is an
indication of how profitable was working with the Nazis - a somewhat rational

decision for a profit maximizing firm.

Table 15: Contributions of Net Profits of 1G Farben (in ‘000 RM)

Year Contributions to the NSDAP Net Profits
1933 3584 74 000
1934 4 020 68 ooo
1935 4515 71000
1936 4960 140 000
1937 5 467 188 000
1938 8 156 19I 000
1939 7538 240 000

Source: (Noakes and Pridham 2000, State, Economy and Society 1933-1939:121)

Notes: “Contributions to the NSDAP” numbers are rounded up

Finally, at the end of the war, Germany was defeated by the Allied Powers. 1G Farben’s
plants such as Buna-Werke, Monowitz, and Auschwitz were bombed by RAF (Royal
Air Force) in 1944 to cut production exploiting slave labour and other war-related
resources which were produced for supporting the War (Overy 2013, 583-84). When
allied powers won the War, the end had started for 1G Farben. In 1944, Farben’s
status was unclear. The Russians took control of some plants, however much of the
assets of the firms remained in West Germany. After the war, three successors took

their capital and started the new businesses. Those were BASF, Bayer and Hoechst.

1GFarben’sactivitieswere stoppedand 1G Farben trials startedin1947. Denazification
of the firm resulted at Nuremberg. According to the indictment of the USA, Carl

Krauch and twenty-two others?” were on trial “War Crimes and Crimes against

37 Hermann Schmitz, Georg von Schnitzler, Fritz Gajewski, Heinrich Horlein (head of chemical
research), August von Knieriem, Fritz ter Meer, Christian Schneider, Otto Ambros, Max
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Humanity and participated in a common plan or conspiracy to commit these Crimes-
all as defined in Control Council Law No. 10. These crimes were said to include planning,
preparation, initiation and waging wars of aggression all invasions of other countries...
other crimes such as the production and supply of poison gas for experimental purposes
on and the extermination of concentration camp inmates, the supply of Farben drugs
for experiments on such inmates...” (United Nations War Crimes Commission 1947,
1-3). After indictments, 13 of defendants were found guilty and others were not.
The maximum charge was given to Walter Duerrfeld who was a German engineer
and plant manager of the Buna plant (Verg, Plumpe, and Schultheis 1988, 298).
Finally, 1G Farben was found guilty according to “Those who knowingly participated
in and approved the utilisation of slave labour within the Farben organisation should
bear a serious responsibility as being connected with and taking a consenting part in war
crimes and crimes against humanity, as recognised in Control Council Law No. 10%.”

(United Nations War Crimes Commission 1947, 62).

After Nuremberg trials, 1G Farben was defunct in 1952 and the successors started
their activities. The six successors (AGFA, BASF, Bayer, Caselle, Kalle, and Hoechst)
recovered, started new production activities in a short time and reached the 1939
chemical production levels at the end of 1949 (Jeffreys 2010, 403). Actually, General
Eisenhower demanded to dissolve the firms immediately after the trials*. Because
of the Cold War and German economic uncertainty, this was delayed. Liquidation
of the Farben started in 1952 (The New York Times 1955) and was completed in 2013
after about 60 years. Liquidation process of 1G Farben was obviously not easily
completed. After the war, families of extermination victims claimed compensations
for their lost. In 1999, the Farben’s share was traded in Frankfurt (Andrews 1999).
On the other hand, the real estates of the old company were another problem in
the dissolution process. After compensation claims and a long period, the process

of liquidation could be completed in 2013.

Briiggemann, Ernst Biirgin, Heinrich Biitefisch, Paul Hifliger, Max llgner, Friedrich Jihne, Hans
Kiihne, Carl Lautenschliger, Wilhelm Rudolf Mann, Heinrich Osler, Carl Wurster, Walter
Duerrfeld, Heinrich Gattineau, Erich von der Heyde, Hans Kugler (names in bold indicate manager
positions in divisions or branches).

38 “Control Council Law No. 10, Punishment of Persons Guilty of War Crimes, Crimes Against
Peace and Against Humanity,” 1945.

39 This was reflected in the press as “Allies Order 1.G. Farben Dissolved; ‘Sound’ Units Will Run
Separately; Farben Break-Up Ordered by Alles” (Raymond 1950)
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4.2 DuPont: A Corporate driven by Systematically Science

The DuPont was founded 215 years ago as a gunpowder producer by Eleuthére
Irénée (E. 1.) Du Pont in Delaware, Wilmington (Kinnane 2002, 30). The broad
history of the company include science, novelty, innovations and making
chemicals that changed the world such as Teflon, Tyvek, Nylon, Lycra, Nomex etc.
Such innovations enabled us to comprehend the link from science to innovation
and even go beyond of what we think we could achieve. For instance, the first
moon project was supported by DuPont’s various innovative products (Kinnane
2002,195). Chemistry sector has always presented good examples of how scientific

knowledge can satisfy economic needs.

As mentioned in the previous chapter, American economic history was shaped by
the virgin nature that provided valuable resources for the industries. Economic
institutions and organizations evolved so to benefit and utilize such rich resources.
New transportation needed to use flat land areas, telecommunication applied to
all over the continent, and population demanded more consumer products. Firms
which were technologically sufficient and that formed the right routines survived,

but some others did not.

Initially, Du Pont was not only a company that promoted innovation and scientific
activity, but also promoted industrial development, which was an unwritten
government backed mission at the beginning of 1900s. Like Germany, USA was
also a late-comer in terms of chemical industries (Landes 2003, 330). As a result of
this, USA and Germany compete on the grounds of the most innovative period of
our science and technology history with its unique organizations, institutions and
ecosystem. Chemical industries are knowledge intensive and versatile ecosystems. It
affects all production systems in an economy. According to Mokyr, with Chandler’s
words, after the first industrial revolution, production system changed in terms
of scale. As a result of rapid improvements in communication opportunities and
transport infrastructure, scope rather than scale economies gain grounds. (Alfred
D. Chandler 1990; Mokyr 1990). In addition to this, Hughes said that rising network
systems, railroads, electricity and chemical products were consequences of the
improvements in technological production (Hughes 1983, 140). Chemicals made
a lot of things possible. As a result of development in synthetic materials, it made
the production easier. Economic problems like scarcity and mass production with
resources, and material problems like durability and lightness were solved with

advances in synthetics.
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The story of Du Pont should best be understood in such an economic, political and
scientific system within the reality of North American economic history. This part
of the thesis focuses on how Du Pont emerged and served the economy. In order
to answer this question, three main titles are planned. The first is the history of the
establishment of Du Pont that covered about hundred years from 1800s to 1900s.
The second one is production and innovation period between 1926 - 1945 so to
match the IG Farben case. The last section briefly overviews the situation of the
firm after the War.

4.2.4 Establishment of the firm

During the French Revolution, 1. E. Du Pont’s father dealt with his printing works.
His name was Pierre Samuel du Pont de Nemours. Fate of the DuPont family was
affected from the social network of Pierre Du Pont. Pierre was friends with the
famous and notable chemist in his time, Antonie Lavoisier (Gould 1991). Lavoisier
had numerous contributions to modern chemistry such as Law of conservation
of mass, existence of oxygen*’, and naming chemical compounds* (Yount 1997,
14). Like the British Perkin, Lavoisier also was a pioneer in science of chemistry.
Lavoisier assisted the family in two ways. The first was a deep scientific and practical
knowledge about chemistry and the second was his gunpowder research and its
influence on the family to enter gunpowder business. During the French Revolution,

Lavoisier remained in France, he was found guilty and sent to guillotine*.

1. E. Du Pont did not want to be a victim of the Revolution in his homeland. 1.E. had
experience in France in black powder business. Also, his family was noble and rich.
Moving to the America was a start to make black powder business abroad. As a
result of the American Civil War, the government was demanding more gunpowder,
which ignited the establishment of Du Pont. As known from archival letters,
Benjamin Franklin, Thomas Jefferson and Pierre Samuel du Pont de Nemours had

a close business relationship around 1800 (B. Franklin 1772; Jefferson 1816). With

40 He was the first person who identified and named oxygen as an element.

41 In chemistry, two or more elements are groupped as a substance, for example, oxygen and
carbon are elements. When elements are grouped as substance was merely called as compound.
For instance, Carbon Dioxide was formulated as CO, and its compound consists of two oxygen
molecule and one carbon molecule. This systematic naming was started and founded by Lavoisier.

42 There is an intresting story about Lavoisier’s end. He was a noble researcher and chemist.
He mainly focused on Black Powder research. During the Revolution, he was arrested and tax
collectors put him to trial. He was found quilty and sentenced to death punishment. He asked for
time to finish his scientific work. However, the reply was short and informative “republic no need
to scientists - La république n'a pas besoin de savants” (Gould 1991, 354).

89



the help of this relationship, 1. E. Du Pont bought gun powder machinery from the
British and began to work for supplying powder to the America (Kinnane 2002,
17). In America, the family shaped its gunpowder mills in accordance with land
ownership. The original first mills were founded in 1802 and other mills, which
were Hagley and Upper Yard, were established around Wilmington until 1936.
Main powder needed three main compounds: sulphur, saltpetre, and charcoal.
Sulphur was provided from lItaly. Saltpetre was a complicated product. Its trade
was dominated by the British East India Company (Erikson 2014, 51-52).

Until LE’s grandson, whose name is Lammot, the production process of powder
was mostly the same. Lammot (the son of Alfred Du Pont) took the office after
retirement of his father in 1850 (Kinnane 2002, 27). Lammot was a researcher
who studied chemistry at the University of Pennsylvania. In 1857, a new method
which was used in blasting powder was patented. With this new method, Lammot
diminished the demand of saltpetre source. As a result of this, a new mill was
founded in Wapwallopen Creek, Pennsylvania (Alfred D. Chandler and Salsbury
1971, 6). Lammot’s efforts were a new beginning for the company, because the family
business had grown and needed to respond economic and organizational changes.
Explosive business was rapidly expanding considering the time period where the
demand was a major incentive. Moreover, in 1866, Alfred Nobel invented the first
dynamite which was patented in 1967%. This invention was simple and secure to
use because of its chemical compound. Nobel’s invention was commercialized
with the activities of Du Pont. The corporate, at Repauno Plant, produced and
developed the product which was three times safer, convenient and effective than
black powder (Kinnane 2002, 36). The commercial explosive was demanded by two
important public institutions. The first was the government. It demanded dynamite
to handle infrastructure works such as road, canal building, telephone and telegram
construction, dim construction, mines etc. The second was US Navy. Military used
the products for several reasons like breaking up icebergs for transferring ships,
digging up battlefront etc. This surge of demand made dynamite and explosive
works profitable. As known from Chandler’s work, explosive industry was mainly
dominated by Du Pont in America. In the first quarter of the nineteenth century,
this status did not change thanks to mergers and acquisitions as further discussed
in chapter 5 (Alfred D. Chandler 1990, 173).

From the beginning of the company, research activities were driven by internal

43 Although Alfred Nobel was the inventor and owner of patent of the product, it was licensed to
Du Pont and other firms.
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sources such as private research room and labs. Moreover, continuity of research
activities mainly depended on apprenticeship among chemists. Contrary to German
and Britain experience, Du Pont did not include systematic research places like
research labs, specific test areas and buildings etc. in its residential area. Research
activities, in the early period, were carried out by family members and their friends’
networks. Until the beginning of 1900s, Du Pont did not use legal institutions such
as patents, research engineers and technical control (Fisk 2009, 45). Knowledge, at
that time, was controlled by family’s managerial capacity. For instance, research
on explosives provided much valuable knowledge about chemistry. Du Pont barely
used knowledge systematically in its business in the early 1900s. In next part, the
question of how systematic research activities changed product lines and research

habits of the corporate is analysed.

4.2.5 Research and Innovation Period

When DuPontturned 1ooyearsoldin19o2, explosivesanditsintermediates were the
predominant production lines of the company. Modernization of the organizational
system, diversification in product lines and decentralization of research activities
mainly started in 1902 in the reign of the three cousins (T. Coleman, Pierre S. and
Alfred 1.) who frequently discussed to purchase the company. Alfred was the pioneer
in that sense. He left Massachusetts Institute of Technology and worked for mills
and black powder business. Coleman graduated from MIT mines engineering and
Pierre also studied chemistry at MIT. They were eager to purchase the company
and took the business. In 1902, they bought the company from their relatives for
a price of $20 million (Kinnane 2002, 64). After the purchase, Du Pont decided to
enhance its activities and benefit from scale economies. It was already a member of
the Gun Powder Trade Association (GTA) and the family had the property of many
powder firms and association holdings. According to Chandler and Hounshell and
Smith’s works, Du Pont merger period was a great opportunity to exploit market
share and gain market power (Alfred D. Chandler 1990, 76-77; Alfred D. Chandler
and Salsbury 1971, 83-85, 93-95; Hounshell and Smith 1988). Fewer competitors

and diversified products were the two main motivations of the company.

At this point, Du Pont started to cluster scattered research activities into two
different research laboratories, one focused on basic and the other on applied
research. The Executive Committee decided to make a new research strategy.
According to this strategy, company conducted two types of research activities:

making new products and inventing new materials and processes. This step was
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certainly “the important step” in establishing a scientific guideline for the company.
In Wilmington, Experimental Station lab was established to conduct basic research
activities to invent new materials and processes (Haber 1958, 143-45). The Lab
produced many product innovations and inventions like: Pyroxylin (nitrocellulose),
synthetic textile fibers, artificial leather, silk# etc. until the management of Fin
Sparre in 1913. Between 1902 and 1907, 108 competitors were acquired by Du Pont.
Exploiting the knowledge from the firms acquired and producing for market needs
became routine strategies of the company, which Sparre’s managerial success
supported (see Chapter 6 for details). Between 1900 and 1945, there were many new
chemical processes, materials, production methods and products. Nylon, plastics,
synthetic dye, coating products, rayon were prominent new products of company
(E.L. du Pont de Nemours & Company 1916). Thanks to diversification, Du Pont
served many industries varied from automotive to agriculture. These complex
production lines were promoted by the managerial strategy of the company which

to a certain degree rests on mergers and acquisitions.

Figure 9 depicts the relations between products, which were produced between
1802 and 1916 and the areas in which the products were used. The main aim of
the mapping was to clarify several points such as whether complex relations of
the firm are structured; whether product lines had inter-relations among different
industries and; what main product lines were. The mapping was run under Force
Atlas 2 graphic algorithm to simplify the analysis. In Chapter 2, detailed information
about software algorithm is provided. The figure was designed from the data on
377 specific products (turquoise nodes), 37 users (red nodes), 13 production lines
(purple nodes), and one producer (claret red nodes). Nodes are connected or inter-
connected with each other with 377 production edges (blue edges) where each edge
reflect production by department, 252 used edges (red edges) where each edge
reflects whom the products that used by, and 17 produced edges (purple edges)
where each edge reflect the main producer which in this case was Du Pont itself.
The data is analysed using the same algorithm; however, nodes were weighted by
different variables. While Products, Users, Production Types were weighted by
degree centrality, Producer was weighted by betweenness centrality. The aim of
using different weights was to show the big clusters. According to Figure 9, the firm
had 13 main product lines (purple edges). Those lines show Du Pont’s production
clusters and their main users. In the organization chart plants and departments

were designed to make efficient production. When we support the mapping with

44  Artificial silk was patented by French. Because of this, in 1924, Du Pont decided to establish its
artifical silk work as Rayon Company. This was generic name of chemical thing.
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historical data on Du Pont, one can see that chemicals and dye works were the main
production areas of the company. Especially, in the period of the three cousins (the
beginning of the 1900s) research activities and investment focused on chemicals

and dyes. There are four main reasons for such a concentration:

«  DPolicies of economic development of the government after the Civil War
were vital where infrastructure investments played major role. At this
point, Du Pont rose as main producer and provider of various needs of the
industry because of family’s strong ties with the governing authority from

Franklin to Jefferson.

«  Industrial Revolution and its opportunities like the rising electricity, com-
munication and chemistry sectors created demand. Du Pont invested in
chemistry because of cyclical factors. Late-comer advantage in the chem-
ical sector was high. USA and Germany, after Britain’s first movement,

rushed entering the sector. (C. Freeman and Soete 1997, 123-42).

«  Conditions before and after World War 1 and the economic shortage cre-
ated new opportunities for the firm. Demand for dye heavily increased
during the War where dye making became a major theme of competition
between rivals (Germany and Britain). Moreover, innovative products like

nylon, synthetic etc. were used in World War 1.

«  Competition pressure from abroad forced Du Pont to behave strategically.
Germany as a late-comer dominated the dye industry with its innovative
techniques and products. This pressure resulted in cooperation between
Du Pont and ICI (Britain).
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The results of this network analysis are further supported by a simple relational
mapping analysis as can be seen in Table 13. According to the table, chemicals
and dye products were main production lines for the firm. When Du Pont was
established in the beginning of 1800s, it was a powder and dynamite producer.
The variety in products came with opening to new competitive markets, which is
further discussed in Chapter 3. Moreover, Table 13 also provided information about
the users of the products. In order to clarify the network relationship, Figure 10
is provided below. In Figure 10, Dye and chemical relations could be clearly seen.
Moreover, for the two products, primer demand came from Dye Manufacturers
and Government. This was probably important to indicate the role of government

in developing an enterprise’s internal research and production activities.

Table 16: Top 5 Results from relation mapping analyse.

TOP 5 PRODUCTION TYPE | Connections TOP 5 USERS Connections
Paints and Varnishes 163 Dye Manufacturers 47
Chemicals 98 Government 28
Blasting Supplies 29 Coal Manufacture 22
Special Products 27 Chemical Manufacturers 16
High Explosives 20 Individuals 15

TOP 5 PRODUCTS Connections TOP 5 NODES Connections
Carpo Paint 8 Paints and Varnishes 163
Distilled Water 7 Chemicals 98
Toluol 6 Dye Manufacturers 47
Bichromate of Soda 6 Blasting Supplies 29
Inside Floor Paint 6 Government 28

It should not be forgotten that indicated relations are not causal. Chemical products
were intermediate goods for several industries; some users demanded directly
(for example, dye manufacturers), others demanded indirectly (for instance, the
government). This information could be useful while interpreting the data. For
example, between two wars, Du Pont’s business and research strategy were shaped

by the mainly the government demand.

In sum, between 1902 - 1920, the strategy of the firm can be summarized under three
main topics: involving in mergers and acquisition activities to reduce competition,
conducting research activities for new materials, processes and products, and
marketing activities for creating new market needs. Du Pont’s innovation and
research strategy fit into Freeman’s offensive innovation taxonomy (C. Freeman and

Soete 1997). According to this taxonomy, in order to gain market leadership, firms
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introduce new products in competitive environment (C. Freeman and Soete 1997,
260). Du Pont performed well in diversification of products and investment in
many research opportunities. Diversification strategy stemmed from the necessity
of catching-up the forerunners through first imitating, but then innovating. Du
Pont’s rapid advancement in innovation and research activities in the dye and

chemical sectors is an offensive strategy to increase competitiveness.
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Data: Raw data from E.I. du Pont de Nemours & Company, 1916.
Figure 13: Dye and chemical sectors relationships detailed results Verification of data from Chandler & Salsbury, 1971; Hounshell & Smith, 1988; Kinnane, 2002.
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The three cousins also led a major organizational change in Du Pont that increased
their hierarchical power in the firm. The new system was designed in two important
parts: executive and finance. All production departments were connected to the
president -the executive manager. Operating departments were connected well.
On the other hand, financial committee was dominated by Pierre. All pricing
and financial systems were revised. New investment and acquisition or merger
decisions were examined by Pierre and presented to Coleman. Financial stability
was under the control of the executive department where there was routine check
on profitability.

The company had two important challenges in terms of organizational structure.
The first was the investment of overseas and diversification. The second was
vertical integration with other firms. Pierre made several agreements with overseas
markets (Anglo-German, Chile, and France) (Alfred D. Chandler and Salsbury 1971,
169-72) the most important of which was signed with the Nobel Company in order
to exchange licence, knowledge and patents. The company carried out business in
explosives and chemicals. Its main research heavily focused on improving explosives
through drying techniques, propellants in order to develop military shells, electrical
system improvements and nitrates research to improve explosives. According to
Salsbury and Chandler’s work “.. (the company) certainly gained in technical and
scientific knowledge by this exchange.” (Alfred D. Chandler and Salsbury 1971, 198).

Between 1902 and 1926, Du Pont followed a strong diversification strategy based
on vertical integration - a process controlled by Pierre and Coleman. Pierre took
control over the investment decisions where the profitability of the new enterprises
was thoroughly calculated. For instance, in 1909, the Executive Committee
decided to make a research investment on artificial leather. They closed down
the Powder Plant at New Jersey and began to conduct experimental research on
artificial leather®. Executive Committee decided that “the Development Department
shall have charge of study of any new business or products which is not embodied in
the company’s reqular process of manufacture until the study is completed.” (Alfred
D. Chandler and Salsbury 1971, 249). The decision permitted the Development
Department to continue studying on the material. In sum, the department found
a new process (solvent recovery process) reducing the cost of the older version in
manufacturing of artificial leathers (Alfred D. Chandler and Salsbury 1971, 250). In
the market, there were no potential rivals for this process. As a result of the new

improvements, Du Pont acquired Fabrikoid Company for a price of $1.2 million

45 By the way, Pierre was not satisfied regarding how the cost of the new enterprise was allocated.
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in order to manufacture artificial silk and leather. This production was mainly
demanded by the government for supplying the needs of the army which gained

importance before the World War I (Kinnane 2002, 70).

Aggressive acquisition and economic activities were ordinary developments for the
company. However, Pierre and other members of Executive Committee discussed
such decisions thoroughly. Decision to penetrate in to new markets, investment
opportunities and research decisions were made by the three cousins individually
but approved collectively. This situation continued until the reorganization in
1911. With the new organization, the company centralized its internal organization
activities. The sharp difference between two periods was the hierarchal change in
the finance committee and executive committee. According to the new system,
executive board was responsible for making decision and forming strategies. After
that, other administrative parts of the company applied those decisions. Figure 11
presents the new structure of the company. According to Figure 11, executive council
should be consisted of experienced members (Alfred D. Chandler and Salsbury
1971, 304). Other difference was separating routine and daily works from the major
activities. Routine works were carried out with executive chief and treasurer of
the company. Other major decisions (capital investments, establishment of plants)

were made by the executive council.
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Board of Directors

Exccutive Council

'_I‘-I

! 1

Finance Committee President
Coleman du Pont - Executive Coleman du Pont - Executive
Alfred du Pont
Fierre du Pont

i

I 1
Secretary Treasurer
Alexis du Pont Pierre du Pont

)

Auditor
E. N. Weat

Comptroller
R. H. Dunham

I 1 1 1 1 1 1

Manager Development Dep.| | Real Estate Dep.
R. R. M. Carpenter D. Cauffiel

Director of Purchases
F. G. Tallman

General Manager
H. M. Barksdale

1

Manager Sales
Chas. L. Patterson

Military Sales Dep.
Col. E. G. Buckner

Manager Legal Dep.
1. P. Laffey

Assistant
General Manager
Irénée du Pont

)
)

High Explosives Black Powder Smokless Powder Engineering [Chemical Research

Operating Dep.
H. G. Hashell

Operating Dep. Operating Dep. Dep. Experimental
F. L. Connable H. F. Brown. Wm. G. Ramsay C. L. Resse

Figure 14: Organization schema of Du Pont after the change in 1911
Source: Redrawing from Chandler, 1990, p. 88; Chandler & Salsbury, 1971, p.
306 and 316.

The organizational change affected the committee system of the firm. The new
committees were directly connected to the Executive Committee which composed
of seven members: Coleman du Pont (Chairman), Pierre du Pont, Alfred du Pont, H.
M. Barksdale, J. A. Haskell, A. ]. Moxham and L. Patterson. The distinctive point in
the new committee system was the renewed task distribution of the constituents.
As a result of the new system, Development Committee was responsible for the
R&D activities and moreover Executive Committee’s demands were considered by
the development committee. This new type of organization provide more flexibility

for R&D activities in the company.

When net profit numbers considered, the new system could be deemed successful
according to Table 14. Moreover, profits were slightly different from the previous
years until World War 1. The War economy was the main factor to stimulate
research and net sales. In attempt to make consistent analysis, some important

events, which possibly affect the sales and profit numbers are indicated in Table 18.
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Table 17: Main economic indicators of Du Pont and Important Events (in mil-

lions)
1904 1905 1906 1907 1908 1909 1910 19TI
Gross
K 20.1 27.7 30.8 31.7 28.0 30.8 33.2 33.4
Earnings
Net Profits 4.4 5.1 5.3 3.9 4.9 6.0 6.3 65
Percentage 16,86 18,41 17,21 12,30 17,50 19,48 18,98 19,46
Pyrox-
lin and Syn-
One Year be- J . thetic
) rushing ] the new
fore establish- Textile .
Important to the . organi-
ment of new Fibers .
Events . new zation
Experimental and bee
r0- egins
Lab. 4 . Artificial &
duction
) Leather
line
1912 1913 1914 1915 1916 1917 1918 1919
Gross
A 36.5 20.7 25.2 1311 318.8 269.8 320.1 105.4
Earnings
Net Profits 6.9 5.3 5.6 57.8 82.1 493 43.1 17.7
Percentage 18,90 19,85 22,22 44,09 25,75 18,27 13,10 16,79
Antitrust
against Du
en-
Pont and Split Begin- ) Du Pont
] ) tering World
Important into three: ning of lasti bought | produc- Warl
astic ar
Events Atlas Powder the World p GM ing dyes
indus- ended
Company and War 1 ¢ motors
T
Hercules Pow- y
der Company

Source: Table data from Chandler & Salsbury, 1971, p. 609. Events data from Kinnane, 2002.

Notes: All numbers are rounded. Purchasing of GM Motors made possible to sell plastics products,

artificial leather (synthetic silk), and dyes (car dyes, varnishes etc.)

War economics was the main motivator (and the main reason of increased sales)
in some production lines for the company. However, Du Pont was also interested
in research activities mostly to gain competitive advantage in the sector. In the
USA, beginning of 1900s was a turning point to stimulate scientific activities. This

new industrial and scientific era was also supported by the institutions. Capital
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flows thanks to globalization at the beginning of the century and a more science-
oriented education changed in accordance with the industrial needs and national
necessities. American system was different in terms of higher education and
research opportunities. Research universities were constituted later than Europe.
Additionally, the most famous universities like Johns Hopkins (1910), University
of Michigan (1844), Chicago University (1906) founded their chemistry research
laboratories and departments (Haber 1971, 64-67). One should not that, those
universities were late-comers in terms of systematic research between industry and
university. According to George Lunge, who was a German chemist, engineering
and physics research opportunities of North America were better than Germans;
however, chemical research amenities were not (quoted from Haber 1971, 64). When
the numbers of chemical engineers were considered, only 536 people attended to
chemical engineering courses in 1900 compared to 4,548 people attended to the
same courses in 1918 (Haber 1971, 63). For the same years, 4,459 and 5,944 people
attended to mechanical engineering courses and 2,555 and 5,683 people attended
to electrical engineering courses, respectively. Moreover, the numbers of chemical
students were 5,700 in 1920 and 4,900 in 1928. Though these numbers represent
only chemical engineers but not chemistry students, when compared with Britain
and Germany, it was rather low. Moreover, numbers slowly decreased toward the
World War 11. The reason for that could be the economic instability for engineers

and scientists during the Great Depression.

It should not be forgotten that 1goos were marvellous times for science and scientific
activities. According to Scientific American Magazine’s study from November 1921
(when the magazine was launched) to October 2010, engineering (included material,
transportation) was mentioned 249 times, while chemistry was mentioned just 30
times most of which were between 1921 and 1950 - a period that more or less covers
the two world wars and the period of investigation of this thesis. Moreover, another
important subject, military innovation was only mentioned 47 times during the war
times. The rest of the cover stories were shared by biological Science (233), astronomy
(93), physics (116), and others (277) (Fischetti and Chrisriansen 2014). This shows that
practical information and applied science was more in demand than pure scientific
knowledge. Engineering and complementary basic science (chemistry, physics) was
broadly mentioned as a result of the necessities of the nation. After all, Scientific
American was the most important science magazine in the USA. Its cover story,
even a little, reflects the scientific vision of the country. When compared with
Germany, the USA had a different research ecosystem. It was less controlled but

much supported by the government. Moreover, the research culture was privately
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promoted by the universities and publishers in the USA. Hence, the advantage of
science-culture promoted economic prospects. This means that different science
objectives and routines simultaneously affected industries. After all, in that sense,
science and industry relationship always had been close and mutual since the
thirteenth century in Middle East and Europe (Lipsey, Carlaw, and Bekar 2005).
Moreover, system approach was some new theoretical explanations on science and
industry relationship. The US case was a proof that scientific background was vital

to make industrial potentials possible.

Onthe other hand, other organizations promoted science by establishing renowned
organizations and supporting basic science financially. For instance, the Carnegie
Foundation gave about $22 million for pure scientific research activities between
1902 and 1911 (Haber 1971, 67). Between 1880 and 1905, US chemical industry
grew with the help of the systematic supports. In 1880, the value of products in
the chemical industry was $38,6 million; in 1905 this number tripled to about $92
million (Haber 1958, 143).

In 1925, the main rival of Du Pont in Europe, 1G Farben was already established to
benefit from economic scale and to serve as a new powerful chemical engine for the
German economy. 1926 1Cl and The Nobel Group merged. These developments in
Europe stimulated other rivals to evaluate their position before the World War 11.
Du Pont signed an agreement with ICI for scientific collaboration and economic
cooperation in 1929. According to the agreement, two firms agreed to share licence,
patent and technology (Kinnane 2002, 101). This new relationship paved the way
for further opportunities. Du Pont began to learn from other chemical firms and
expanded its product lines. Explosives and dye were not the focal production lines
anymore. In 1929, the Rayon Technical Division Acetate Research Laboratories was
established. Neoprene also was invented and produced in 1930. Under economic
conditions of the Great Depression, Du Pont lost 30 percent of its net income. 30
ooo employees were affected by the Depression (Kinnane 2002, 122). However, the
inventions and innovations were still stimulated by the government and consumers.
Pre-war period resulted in many innovations, acquisitions, and cooperation
activities for Du Pont. For instance, in 1929, the company purchased Roessler &
Hasslacher Chemical Company. Also, Du Pont produced special products for use

of dye manufacturers like Krebs Pigment & Chemical Company (Kinnane 2002).

In 1939, Du Pont’s monopoly was established further by the invention of Nylon*.

46  Today, women stockings and many consumer products are made from Nylon.
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Nylon could be used in all industrial areas like textile, military, consumer products
etc. It was invented during research on polymer in Experimental Research Centre
of Du Pont. Because of its versatile nature and huge market potential Nylon was
produced commercially in many new Du Pont plants. Afterward, the war economy
further stimulated the demand for Nylon. For instance, 38 million miles of nylon
was produced for the government to be used in parachute yarn (Colby 2014, 3106).
Furthermore, Cordura*, which was a kind of synthetic fiber, was produced and
introduced to the market. This product was relatively important for military use.
Backpacks of soldiers, jackets and hand gloves were produced with this strong and
durable material. This product was mainly used in World War 11 for truck tires.
Gerard Colby’s work states that in 1941, new nylon plants exclusively produced
Rayon and Cordura for military vehicles. The amount of the production was about
168 million pounds (Colby 2014).

1939 was a decisive moment in the history of both Du Pont and the USA. The war
just began in Europe and the USA was shortly involved in World War 1l in 1941 as a
result of being attacked on Pearl Harbor by Japan (Stone 2012, 73-74). At that time,
Du Pont decided to change corporate vision in accordance with the economic (e.g,
rising war economy after the depression) and political (e.g., government necessities)
state. In the light of this new vision, Du Pont started a new era with a new motto
“Better Things for Better Livings” at New York World’s fair in 1939 (Kinnane 2002,

127). There were several differences when compared with the earlier times:

«  Change in the main motivation of the firm towards “science-based” activi-

ties (Kinnane 2002).

+  According to necessities of the new era, decreasing production of explo-
sives and increasing new production lines like Rayon, Nylon, Orion, syn-
thetic fibres etc.

+  Sensitive research on atomic bomb and its market created by the military

needs.

+  Change in marketing strategy. The more the consumer demands (in size
and variety), the more Du Pont produce with the help of establishment of
new campaigns, new fairs, radio programs (Cavalcade of America), and ex-
hibitions (Bird 1999).

«  Market expansion in order to enable the new products to all the markets

in North America.

47 Cordura,nowadaysisusedinvariousareasthat demanduse of special fabrics for mountaineering.
Additionally, the most important brands use this fabric licence in their production.
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Du Pont was a scientific research leader between two world wars. It always used
its capacity to make an innovative product. In 1942, Du Pont also supported the
Manhattan Project and the making of the atomic bomb with its licences and
patents. Some sources accused the corporate for making much profit by killing
people (Colby 2014). Others said that Du Pont symbolically got $1 payment from
the government for giving patent and licences which emerged after the project
(Kinnane 2002, 147). After all, Du Pont engineers had a great role in making the
bomb. Manhattan Project was not only a government project to make a bomb,
but also a “massive scientific work” with the word of Hans Bette (Rhodes 1986,
443). There were many scientific opportunities in the fields of chemistry, materials,

engineering, and physics.

Between 1926 and 1945, Du Pont performed well in terms of economic and scientific
activities. At the beginning of 1900s, they started to dominate the chemical sector
and produced many products for a variety of use. When started as a business solely
producing powder they were limited in scope and scale. However, World War 1 and
World War 11 stimulated their business. Also, organizational innovation and various
mergers and acquisitions affected the corporate’s story in great deal. After all in this
period, with the words of Chris Freeman the corporate was highly innovative in

terms of products, processes and services (C. Freeman and Soete 1997).

4.3 Aftermath: The End of the War and the New World

Du Pont’s most important decision was to continue research activities intensely.
By 1950s, the corporate invested $50 million for the establishment of new research
laboratories and plants (Hounshell and Smith 1988, 350). The corporate started to
conduct research on Polymer and the most important persons in that field joined
the corporate during the process. Many new products were licenced after the war
like Zytel, Kevlar*®, Delrin and Tyvek (Kinnane 2002) all of which were results of the
science-based vision of the corporation. In 1952, the corporation purchased a plant
and entered the European market. Du Pont established an organic chemical plant
in order to produce synthetic rubber and artificial silk. As a result of this move, the

corporation gained technological advantage abroad.

Today, Du Pont has $25.1 billion net revenue and $1.9 billion net income (“DuPont’s
Net Income 2011-2015 | Statistic” n.d.). Moreover, it is the third largest chemical

company after Dow and Exxon Mobile Chemical companies (“Largest U.S. Chemical

48 Developed in Du Pont’s research laboratories in 1965 it was mainly used for body armor of civil
servants and many other related products.
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Companies Based on Revenue | Statistic” n.d.). The corporation is operational
in various industries such as agriculture, automotive, building & construction,
electronics, energy, food & beverage, health care & medical, mining, packaging &
printing, and plastics thanks to about 530 innovative products (“Production Lines
of Du Pont” 2016). Du Pont mainly uses its capability to develop new market
opportunities with the help of Innovation Centres around the World. Specific
solutions and technical necessities are the vital part of the new Du Pont business.
Giving an example would clarify this new business style. Du Pont established an
innovation centre in Turkey serving to firms’ specific problems. Arcelik (white goods
manufacturer) demanded a solution from Du Pont for the problem of excessive
heat of the coffee pot in the new product named Telve*. The pot’s coating needed
a new material that reduces heat. Innovation Centre contacted with the client and
sent the problem to the research centre in the USA in order to solve the problem
in a less costly scientific way. The problem was solved with the help of using a new
type of coating for the product, which gave durability and safety for the Arcelik’s
product. In return, Arcelik has paid licence fee to Du Pont. This type of making
business by providing solutions is integrated into Du Pont organization. Du Pont
serves to over 9o countries with its 10,000 scientists and engineers and codified

knowledge stock of 23,000 patents (“Du Pont: 2013 Annual Review” 2013).

In 2015 Du Pont and Dow Chemicals (the biggest chemical producer in the USA)
decided to merge. And the new DowDupont company is worth about $130 billion

and employs about 116,000 persons® (Picker and Merced 20715).

Finally, a comparison table between 1G Farben and Du Pont is provided below to
summarize the discussion in the thesis. Table 15 is designed with broad titles of
comparison such as: type, capital structure, organizational types etc. that helps us
to take a closer look inside the company structures and economic facts. In the next
chapter of the thesis, those selected domains will be analysed in detail. Hence, the
thesis’ main question, which is how innovation activities differ in different settings,

will be examined under those titles.

49 AKkind of Turkish coffee machine
50 53,000 from Du Pont, 63,000 from Dow Chemical (2014).
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Table 18: A Comparison between 1G Farben and Du Pont

1G Farben

Du Pont

Foundation

1925, Frankfurt

1802, Wilmington

Family Business

Joint Stock Company
Ownership Structure (first years in its activity)
(Aktiengesellschaft)
Public Company
~ 97,500
Workforce About 83,000
(Workers 74,600 - Staff 22,900)
Capital Structure Merger Conglomerate
(especially after World War I)
) Decentralized
Centralized 1o end
rom 1902 to the en
(from beginning to the end) (f ? )
Organization*
. Some key person: Alfred, Coleman and
Some key person: Bosch and Duisberg .
Pierre
. Dye, Chemical Process and Organic Chemical Engineering, Material
Specialization’ . . . .
Chemistry, Pharmacy Sciences, Agriculture, Food, Textile
9 main plants including research 10 main plants including research
Plants

facilities

facilities

Patents and Innovations*

Innovation (1925-1945)

%44

Total Plastic Material Patents (1931-
1945)

%20

Important Innovations (1870 -1945)

%45

Innovation (1925-1945)

%11

Total Plastic Material Patents (1931-
1945)
%8

Important Innovations (1870 -1945)

%10
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Table 18: A Comparison between 1G Farben and Du Pont (continued)

Marketing

Poster, ads and exhibitions used in
pharmacy (Bayer), Dye and Soda
(BASF)

Photo (AGFA)

Not other intermediate goods

heavily used for sales in agriculture,
communication, textile, automobile

etc.

fair, exhibition, TV ads.

Exploiting New American
communication concepts “better life,
better things.”

Government Relations

(who controlled?)

Before Hitler:

Regular relations: products were
supplied to domestic and public
demand

After Hitler:

Intensive demand from the Reich.
Production and research for the Reich

From the beginning, always close
relationship (privileges, exceptions

and considerable demand)

War Effect

WWI:
Higher reparation burden

Excessive demand for some products
(gas, synthetic stuffs)

Interwar Period:

Under reparations Government tax
and export support to the firm

WWIL:

Excessive and aggressive demand for
the Reich war project

Expanding plants accordance with
Hitler’s desire

War economy and necessities

Role in Holocaust

Vitamins, pills etc. for military use

WWI:
Demand for specific products (see
Figure 9)

War needs and innovation period

Interwar Period:
Research activities

Highly cost-cutting projects

WWILI:

New products and new process for
new necessities (tires, parachutes,
gear armours etc.)

To be the winner of the war
supporting Manhattan Project with
all departments
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Table 18: A Comparison between 1G Farben and Du Pont (continued)

Firm Strategy’ Offensive Innovator Offensive Innovator

Science-Based
Science-Based

Scale Intensive / Production Intensive
Firm’s Categories® Scale Intensive

Highly Vertical
Highly Vertical

Notes: (1) Numbers are 1 January 1930 (Haber 1971, 380). Staff indicated scientific and commercial

people.
(2) Those names are selected according to their outstanding organizational talents.

(3) Based on the work of (Alfred D. Chandler and Salsbury 1971; C. Freeman and Soete 1997;
Hounshell and Smith 1988; Kinnane 2002; Lindner 2008)

(4) (Delorme 1962; C. Freeman and Soete 1997). Numbers of Innovations are 36. Numbers of Total

Plastic Material Patents are 4,341 and Numbers of Important Innovations are 20

(5) based on Freeman’s explanations (C. Freeman and Soete 1997, 307).

(6) based on Pavitt’s methodology (Pavitt 1984, 354).

According to the comparison table, two companies diversified in four main topics:

- external factors (Hitler and government intervention),

- science heritage (education system or national system),

- organizational attitude (as a result of managerial and cultural differences)
- sense of research (more industrial research and more cooperation be-

tween industry and university).

To summarize these factors briefly, first of all, external factors were vital in shaping
two companies. For example, Nazi’s synthetic fuel demand forced IG to concentrate
all research activities on this specific topic. Sense of research was affected by the
authorities in the case of Germany, which means that there was no “economically

free” environment especially after the 1930s. On the other hand, Du Pont had always

109



a close relationship with the government. As a result of this in some cases research
policy of the company was determined by the US government. For example, during
World War 11, Du Pont established plutonium production plant (Hounshell and
Smith 1988, 332). Second, science heritage was a distinctive difference between 1G
Farben and Du Pont. Detailed explanations are given in Chapter 3. According to
the explanations, 1G Farben had benefited from German science and university
system in great extent. For example, invention of the new materials, molecules
and synthesis processes were already common developments in Germany from the
beginning of eighteenth century. In the USA, education system and science were
supported by institutions that were market oriented as well as the government.
Therefore, although German science was heavily based on pure and fundamental
characteristic, American science was based more on the applied elements (for
instance development of chemical engineering versus chemistry departments)
to promote economic development. Third, the organizational structures of the
firms were naturally different from each other. German side was more controlled
and more centralized. On the other hand, American side promoted more flexible
research and management system. Finally, research sense was affected by each other.
German side mainly supported pure or basic research. Labs and research centres
served to realize innovation in the field so to say in a more linear fashion from
theoretical to applied science. Du Pont used the same path until 1921. Afterward,
they focused on “pure” research; however, market driven production and research

was what made Du Pont different from 1G Farben.

The first issue mentioned above is rather out of the scope of this thesis. Despite
the importance of political issues in shaping the firms and the sector, the literature
is enormous. In the text, there are frequent elaborations on the link between
politics, war and the two firms but a detailed discussion is specifically avoided.
Therefore, this thesis is focused on the remaining three elements: science, research
and organization. There are two chapters that focus on research (Chapter 6) and
organization (Chapter 5) respectively and the issue of scientific heritage interlinks
both research and organization because it constructs a base where both research

and organizational change can flourish.
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CHAPTER 5

ORGANIZATIONAL INNOVATION AND MANAGERIAL ACTIVITIES IN
TWO CORPORATIONS

“...The Du Pont Company completed the administrative organization of its merger in as many months
as it took the United States Rubber Company years. In 1903 three du Pont cousins consolidated their
small enterprise with many other small, single-unit family firms. They then completely reorganized the
American explosives industry and, installed an organizational structure that incorporated “the best
practice” of the day. The highly rational managers at Du Pont continued to perfect these techniques,
so that by 1910 that company was employing nearly all the basic methods that are currently used in
managing big business.”

Alfred Chandler”

“One of the most important reasons for forming the IG was to attain what is now known in business
circles as synergy. The whole was supposed to be greater than the sum of its parts. It was supposed

to achieve economies of scale in mass production, that is, to expand the manufacturing facilities to

the optimum size so as to allow for higher output at lower unit costs. This approach was, however,

less important in the chemical industry of that day than for other industries, such as steel. ...Better
communication and cooperation among the component divisions (generally the former firms that made
up the concern) would allow the IG to innovate technologically and to compete more effective Lyon
world and domestic markets.”

Raymond G. Stokes**

5.1 Organizational Innovations and Fate of the Corporations

In economics, theory of firms traced back the literature of 1700s. Adam Smith
(1981), Richard Cantillon (2006) and Karl Marx (1991) gave many notable works
in order to explain firms and economic relationships. Classical economics tried
to find an explanation about why and how the economy emerged and continued.
They perceived “firm” as a producer, competitor and risk-taker. Afterward, Neo-
classical theory, made deeper explanations about the firm. They saw the firm
as organizational entity that acts for the sake of profit and makes industrial
transformation in the setting of an economy. In parallel with thisidea competition

as an integral part of firm theory was developed to comprehend how and why

51 (Alfred D. Chandler 1977, 417).
52 (Stokes 2008, 215-16).
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firms were able to make economic difference (making growth in different way)
(Buchholz 1989).

By 1930, Schumpeter proposed his idea about methodology of economics and
general economic theory. According to him, economic development (and growth)
had some characteristics such as continuity of economy (i.e., cycles) and seeking
of new things by actors such as organizations and individuals (Schumpeter 1934).
Explaining of firm and other economic actors lead to the emergence of a new
literature on science and technology. Both Classical and Neo-classical theory
tended to ignore technology and particularly innovation as a source of growth
as mentioned previously. However, especially Schumpeter’s inspiring works on
innovation affected research to flourish in the direction of technology, innovation
at the firm level. The idea has been supported by the works that investigates the
nature of innovation. Firm and economy relationship and managerial side of
innovation caused many new ideas to emerge. According to these, an economy
surrounded by many actors that affected the process of new things. Firm based
theories were based on the explanation of firm activity in terms of managerial
(power hierarchies, controlling) (Tannenbaum 1962), organizational (integration
types, structure) (Lawrence and Lorsch 1967; Wolfe 1994), and sectoral (competitive
advantage etc.) (Cantwell 2005; Porter 2011) aspects. Those approaches have aimed
to understand the innovation performance of the firms. Furthermore, studies show
that business strategy of organizations lead to better economic and innovative
performance (Teece 1981). Additionally, Burns and Stalker’s work shows that
technological performance of firms is affected by environmental conditions like
relations, technology and industrial structure. The work was based on binary logic;
as a result of this, organizations was divided into two main structure type: organic
(evolutionary perspective) and mechanistic (neo-classical perspective) (Burns and
Stalker 1994). A key aspect of Burns and Stalker’s work was to show importance of
learning, knowledge and managerial environment. As in organizational terms, the
work of Burns and Stalker has been quoted as “contingency theory”. Investigation
of organization was a continuing concern within the theory of innovation. For
instance, Mintzberg’s work concerned to constitute structural architypes (such as
simple, machine bureaucracy, professional bureaucracy, divisionalized form and
adhocracy) in order to understand innovative potential of firms and organizations
(Mintzberg 1979; Lam 2005, 120). Importance of Mintzberg’s work was that it
helped to understand complex structures’ inside. It means that organizations
act under uncertain and mostly unforeseen environment. There is not “one-

way or one-solution” to be successful. This approach is very much close to the
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evolutionary view that leads us to a better understanding of firm organization.
To illustrate according to Mintzberg’s work Du Pont’s organization might be
referred as machine bureaucracy before 1903, but after that firm had professional and
divisionalized structure; on the other hand, 1G Farben’s organization, when thought

about innovative performance, might be defined as divisionalized form.

Moreover, the theory concerning organizational side of firms shows how firms
tend to be innovative in the economic context. Contingency theory was developed
with other significant contributions related to firms’ capacity and yielding ability.
This means that outside environment changed the structure and organization of
firms which stemmed from Chandlerian view (Alfred D. Chandler 1990). According
to Chandler, firms adopt outside conditions such as new markets, competencies,
and new products etc. in the economy since they do not to lose its competitive
and innovative capacity (Lam 2005, 121). The idea is also supported by the works
of Lazonick and West (1998), which claimed that innovativeness was affected by
strategy and structure of the firm - a notion called as “innovative enterprise”.
Selection of firms was vital in those two theories (contingency and Chandlerian)
because diversification, structure, strategy and marketing were intensely
determined by the performance of the firm. This type of organizational theory was

called as multidivisional or M-form (Teece 1980).

Finally, organizational theories touched the important issues mentioned above. As
known, theory of knowledge has been depended on philosophical roots. Definition
of knowledge, epistemological foundations, and its importance in economic
life was discussed in many ways. According to the debates, knowledge gained
importance in two economic areas: creating new knowledge, (in terms of personal
side) and organizational learning. Research on learning and epistemological root
of knowledge developed some organizational theories to understand effects of
learning on performance and innovation. First of all, learning has been grouped
into two sides: individualistic and collective. Individualistic learning required
formal structures (production space), routines (work, education), and procedures
(rules, management) (Simon 1991, 125). On the other hand, Walsh and Ungson
proposed that accumulation of knowledge creates collective learning (Walsh and
Ungson 1991). The biggest part of this type of knowledge stemmed from trial-
error experience. At this point, interaction and collaboration gained vitality. There
are four reasons that explain why firms collaborate with each other. First one is
asymmetry of power that means power of an organization over another one. Second

is reciprocity that reflects give-take relations of cooperation and collaboration of
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organizations. Organizations prefer reciprocal exchange instead of exercise power.
Third is efficiency of output in the firms. Fourth is stability of an adaptive response
to environmental uncertainties. This last one might be explained in terms of
dynamic capabilities of firms. According to the dynamic capabilities theory, firms

adopt the environment in which it is possible to make innovation.

Tosumup,organizational theory focused on three significant strands: organizational
cognition and learning (Brown and Duguid 1991; Simon 1991) ; knowledge creation
(Nonaka and Takeuchi 1995); change and adoption (Penrose 2009; Lazonick and
West 1998; Porter 2011). All of these are important to understand innovative
performance of a firm. As such this chapter will assess these three factors for DuPont
and 1G Farben. After all, while analysing the cases, some measurements will be used
according to data availability. This means that, in order to make consistent work,
the cases will be compared under three dimensions of organizations: managerial
structure (centralized or decentralized), learning (collective or individual), and
knowledge creation (inside the firm or outside the firm). Due to data problems, the
analysis will be limited to the 1925 - 1945 period. For early developments, a synopsis
will be provided for each cases at the beginning of the subtitles. This chapter will
further enhance our understanding regarding how each corporation developed its
business and what roots of innovation are there inside the organizations. Chapter
4 has summarized various factors regarding the success of innovation in two
firms and Chapter 6 looked at R&D in detail. This chapter will look specifically at

organizational differences.

5.2 1G Farben: Complicated Structure and More Innovative Organization

According to Freeman and Soete, chemical sector is shaped by big corporations
(C. Freeman and Soete 1997, chap. 4) which mainly emerged in Germany and USA.
There were many reasons why it occurred in those countries. These factors have
already been explained in details in Chapter 3 . In this part, three dimensions of

organizational theory mentioned above will be discussed for the 1G Farben case.

IG Farben had a more concentrated and complicated structure in chemistry
sector. Before the merging each constituent corporation was relatively big. At
that time, BASF was the largest company in organic chemicals and dye products
(Abelshauser et al. 2008, 15). This point was important to take the advantage
of scale inside the industry. Scale advantage made more profitable business for
companies (see Chapter 4). This simple fact was the main reason of establishing

1G Farben in 1925 as a giant organization/firm. After the foundation, 1G faced new
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struggles. Management of plants and research activities were more complicated
than previous. Although the management of the 1G Farben was controlled from
the headquarter in Frankfurt, the plants which were located in rest of the Germany
were by and large managed by the old structures of the companies. Moreover,
companies used past experiences to serve the common aim. In the literature,
IG Farben’s organizational structure was commonly discussed. According to
Chandler, German corporations tend to grow as a result of taking the advantage of
being the first-mover and organization structure that caused more diversification
in chemical sector (Alfred D. Chandler 1990, 175-76). Chandler also describes 1G
Farben as a “combination” which is a clue about the organization structure of
1G Farben. There are many reasons how such a huge corporation could handle
management. Centralization problem and the management of learning activities

were always controversial issues for the company.

5.3 Managerial Structure

1G Farben’s headquarter was located in Frankfurt where business operations were

handled. The headquarter was responsible from several things:

Organizing financial works
Handling patent works
Making production programmes for each division

Commercial and advertising

A

Making purchases and investments (Waller 1928, 14).

Those activities were handled centrally. Other activities like research and product
development were carried by regional divisions. This means that Farben’s structure
was centralized when we look at main tasks to handle the company, but the
actual decision making for research and product development was decentralized
(regionale dezentralisierte Zentralisation) (Haber 1971, 338). Divisions’ management
was connected to a committee where most activities were centrally planned.
Divisions act accordingly to this plan but were made responsible for decision
making on various tasks related to production. To illustrate, Bayer’s activities
in Leverkusen were controlled by the headquarter; however, inside research
programmes and innovative activities were organized by the head of the region. In
1925, 1G Farben had three main branches (Sparte)® and 37 production plants (36 of

53 Sparte 1: mining and agricultural products. Sparte 2: the production of organic and inorganic
chemicals and pharmaceuticals. Sparte 3: photographic products (for medical and daily use),
explosives (for military).
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them were active) around Germany (Marsch 1994). Those plants were monitored
and coordinated by a technical committee. Each Sparte had a manager who was
responsible to the headquarter of the company. At the beginning of the foundation,
the position of chairman was occupied by Duisberg who reported about research
and development activities of each Sparte. Central intervention did not have direct
effect on the research programme of the regional groups (Sparte). For example, the
lower Rhine group (Leverkusen Bayer etc.) had own internal research programme
and labs etc. (see Chapter 6). Each Sparte had its own management structure and
responsibilities for some duties shown below which means that regional divisions
were highly decentralized. Each Sparte was responsible for the administration of
what to produce was centrally planned but the decision of how to produce was

mainly left to regional divisions.

1. Raw materials

2. Production

3. Coordination

4. Research

5. Development activities
6. Marketing plans

Those responsibilities were controlled by committees which are strictly concerned
by some issues such as finance, research, personnel etc. that were related to
company’s economic success. Moreover, there were four committees (Central,
Technical, Working and Commercial) to assess the work of branches. The
main duty of those was making policy in accordance with 1G Farben’s business
strategy. The committees continued their activities until the Nazi period.
Generally, activities of committees provided and established a common aim for
the company. According to Haber’s work, qualitative and quantitative data was
not clear to assess the efficiency of the committees (Haber 1971, 340). Unlike
Du Pont, IG Farben’s management structure was dominated by some powerful
groups. Inside the company, bureaucratic structure was issued sometimes while
making decision. Research groups were not always free to make it. In this way,
1G Farben’s organizational structure could be called as controlled and systematic
in nearly all stages of the process. Responsibilities and hierarchical structure of
the organization is given below in Figure 1. The key observation is that research
and production was monitored, planned and determined from the top. However,
innovation might emerge from the bottom or top. Zyklon and Dye were proper

examples as Zyklon was imposed by the top management (during the World War
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11, in order to gain military advantage upon enemies); on the other hand, many
innovations in dyestuff were successfully conducted during research routines of
the divisions and were carried to the top management afterwards. After all, the top
management intervened in some stage. Figure 1 clarifies mentioned intervention
in “mostly free” title. Other working routines and general matters were determined
by the headquarter.

Finally, there were three distinctive features of 1G’s managerial structure:
responsibilities, importance of top management, and bureaucracy. Originally,
responsibilities were distributed hierarchical and the headquarter of the company
was the main position were important decisions such as new investments, new
plants etc. were made. On the other hand, each divisions or branch were responsible
toa committee. In that sense, small groups (for example: the middle rhine: Hoechst)
could ask for a new plant; however, for a new process the branch manager was the
responsible person. Responsibilities’ limit and scope were determined by the top
management. Haber and Lindner supported the idea that the management of 1G
Farben was a challenging task in terms of carrying business in order to achieve.
The ideas of board members were vital in doing so (Lindner 2008; Haber 1971).
Members were selected according to their experience and success. Many members
were scientists or had scientific roots. The scientific resources of the company
in terms of human capital were provided by the recruitment policy and science
network of Germany. Carrying business in such a big scale was of course difficult.
Farben’s most distinctive managerial policy was controlling and monitoring of all
these processes and production. Especially, Duisberg’s management style was more
concerned type as he’d intervene in organizing people, plants and production. For
Bayer, before the merger, had been applied the same rigid rules. Rigid rules create
its own bureaucracy. All decision about the future was made by committees and the
board. This created a complicated structure: centralization of all activities directly
affected innovation process. The important thing in this structure was learning
and sharing knowledge. This created a unique way for the company next title will

explain this in detail.
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Figure 15: Organization Responsibilities and Structure

5.4 Learning and Knowledge Creation

1G Farben had a strong and prominent scientific tradition. Inside this structure, there
were many research labs, in-company training, library etc. In 1880s, the first systemic,
large scale and sustainable research was started by chemical companies such as Bayer,
BASF etc. (Haber 1971, 352). This type of research was defining a new boundary for
the chemical companies because before the research and development activities was
done outside of the firm by the individual scientists or peoples (Marie and Pierre
Curie’s research lab (Giroud 1986)). With the emergence of the idea of “industrial
research”, the systematic research was carried by the professionals inside the firm.
This caused two important achievements. First was that making those activities
under the same roof promoted proximity between knowledge sources. This means
research teams and production processes were connected to each other via the
organizational structurest. Second was that systematic research encourages creating
rules (lab rules), routines (quality of production, branding) and standardization.

These two mechanisms were the main factors of learning inside the firm.

ForthelGFarben case,learningactivitieshappened through twoimportantchannels:

firm’s internal and external activities. Internal activities might be summarized as

54  Similarly, proximity was issued for Du Pont after 1903.
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education and inner learning routines that affected the learning. According to
current studies, economics of knowledge and learning has been explained in terms
of R&D and innovation activities of a region, system or firm (Nelson and Rosenberg
1993; Malerba 2004; Mowery and Nelson 1999). Firms use the knowledge to build
competence and conduct innovation in order to gain competitiveness (B.-Ake
Lundvall 2004). While doing so, entities benefit from some mechanisms that help
to emerge certain types of tacit and codified knowledge which can be acquired
by doing or experiencing. “Learning by doing” is a good way to obtain knowledge
(Lamoreaux, Raff, and Temin 2007, 145). This mechanism is vital for a firm to
maintain scientific-based production. 1G Farben developed learning mechanisms
such as close relationship with other institutions and organizations (university-
industry relationship etc.). In order to maintain such a system, 1G Farben had been
heavily involved in industry-academy relationship and had its own recruitment
policies. In parallel with this idea, the German government, as an external factor,
had always supported science to spread across the whole economy. In 1920, the
government systematically promoted and financed chemistry institutes: Kaiser
Wilhelm Gesellschaft, Handbuch der Organischen Chemie, and the Helmholtz
Gesellschaft fiir physikalisch technische Forschung. Those are financed with 5 million
RM in 1925 and 8 million RM in 1928 (Haber 1971, 368). Government’s intentional
support created a scientific environment that was easily accessed by industrial
entities. Many entrepreneur scientists such as Carl Bosch and Fritz Haber had
been involved in those institutes to disseminate knowledge and create a scientific
base that fed the chemical companies until the war. Those scientific environments
provided two significant opportunities for the industry. First was creating scientific
knowledge that could be obtained by companies. Second was scientific networks
that could easily be accessible as means of obtaining human capital. It was clear
that 1G Farben benefited from the knowledge and networks. Between 1919 and
1933, under the leadership of Fritz Haber, more than 600 academic papers that was
related to chemistry was published at the Institute of Physical Chemistry (Haber
1971, 368). Haber had a great influence on 1IG Farben’s research. The knowledge
generation had always been promoted by company’s resources. In brief, 1G Farben,
in order to obtain these opportunities, made many activities such as arranging
conferences, promoting academic publishing, recruiting more qualified staff, and

promoting chemistry students at the universities.

Another opportunity was networks. The importance of network effect has been
discussed in the literature intensely. There have been many works on explaining the

relationship between organizational learning and innovation (Tsai 2001). Moreover,
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power of network (transferring knowledge) has been observed in transferring of
knowledge between institutions and business (Huber 1991). As a result of network
relationships, 1G Farben had access to scientific knowledge thanks to its closeness
to the university network. It was hard to find proper data on interaction between
the universities and 1G Farben. On the other hand, the key persons who occupied
important positions in the company had great network effect in terms of transferring
their academic knowledge from the university to the firm. In order to measure
this effect, the relationship between university graduates and people who worked
in important positions has been measured via network tools. According to the
measurement, three variables were examined to understand of relationships between
the nodes via using betweenness metric. Results are given below in Figure 2. According
to the network graph, betweenness centrality is high at Berlin University and Leipzig.
Berlin was pioneer education place for basic science. Many notable persons were
educated there like Werhner Braun, Gustav Ludwig Hertz and Ernst Ruska etc. Carl
Bosch and Fritz Haber were related with each other as they were from the same
university. Graduate education in such institutions creates personal networks as well
as knowledge. Gaining this type of knowledge is necessary for an organization. In the
theory, organizational learning and accumulation of knowledge can be promoted in
many ways. In the 1G Farben case, closeness to the knowledge sources and proper
organizational settings were the vital source of successful R&D and innovation
activities. Hence, organizational settings enabled acquiring knowledge properly. At
this point, current studies prove that firms’ ability of using knowledge and their R&D
performance are positively correlated which is referred as absorptive capacity of a
firm (W. M. Cohen and Levinthal 1990). Network relations create more knowledge
as a result of intense interaction. However, if 1G Farben had not possess such an
organization that had a system providing proper environment to use the knowledge,

then it would not have been a successful innovator in the chemical sector.

1G Farben, specifically, had an organization, which promoted scientific activities.
This organization can be viewed as humus for scientific activities to emerge
not only from the top management but also from the lower divisions that were
involved in actual production. Research activities were not only better handled
but the knowledge that is produced from such activities was able to diffuse inside
the company thanks to the organizational structure. In brief, 1G Farben’s success

depended on a set of factors on the junction of research activities and organization.

1. Absorptive capacity of the company

2. Closeness to scientific environment as a result of recruitment policy
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3. Mechanisms that extract personal knowledge®*: key persons charged key
positions for example Fritz Haber were the responsible of the committee
that dealt with the research activities.

4. Centralization of the important decisions: investments etc.

5. Decentralized research issues for each division

6. Making an environment in order to obtain experience and learn. Labs of
the company were proper places for such type of learning that arise from
trial-error.

55 By the way, the personal knowledge term was coined by Michael Polanyi. According to Polanyi,
this type of knowledge was not extracted fully. Some portion of the knowledge was not codified.
Experience and interaction (talking, doing something) was the only way to obtain the knowledge
(Polanyi 1998).

121



== | udwig Maximilian University of Munich

o & @ Heidelberg University

@® Sparte 3 ﬂ\

== | eibniz Universitat Hannover

. E

A o p 1

~ RWTH'™EERBAIC

\. SupervisigryBaariUniversity Frankfurt

@ University of Cologne

aische Universitat Berlin

® Universitat Leipzig
!

of Erlangen-Nuremberg
N

® Ecole supérieurede ommrce 3

. 'ﬁ\ﬁ

A

iversity of Tuebingen

)

@ Friedrich-Schiller-Universitat Jena

Figure 16: Key Persons and University Linkages: I1G Farben

Notes: Purple edges: people who work under the related division. Yellow edges: graduation from the related university. Grey edges: represent Sub-departments. Key Executives: Otto Ambros (1901-1990), Carl Bosch (1874-1940), Ernst
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Selected nodes and their analysis are given below in Table 1. The table shows that
administration clusters have more PhD than others. This means that 1G Farben’s
top positions were occupied by people who had PhD degrees in Chemistry.
Therefore, we can say that science-based business was intensely connected to
scientific institutions not only from the skilled scientific workers but also from the
top management. Knowledge creation and learning in 1G Farben greatly affected

from this type of relationship.

Table 19: Selected Nodes from the network of the Figure

TOP 5 ORGANIZATIONS | Connections CLUSTERS Connections
Technische Universitdt Berlin 8
Universitdt Leipzig Cluster of Technische Uni-
4 versitdt Berlin 2
Heidelberg University 3 Cluster of Managing Board
Goethe University Frankfurt 2 Cluster of Sparte 1 5
University of Erlan- 2 Cluster of Sparte 2 5

gen-Nuremberg

Finally, 1G Farben was a unique organization in terms of carrying R&D and scientific
activities in such a big scale. In doing so, 1G Farben benefited several organizational
advantages. Centralization and de-centralization issues were already mentioned
above in details. However, at this point, it should not be forgotten that 1G Farben’s
scale was a disadvantage in some way while coming up with specific solutions for
the domestic market. On the other hand, there were advantages of organizing such
a big scale of business. Especially, before the Nazi period, 1G Farben’s investments
and research interests were mostly affected by the scale advantage. Hierarchical
and bureaucratic structure of the management was influential in doing business.
The size of the 1G Farben was huge; as a result of this, the important decisions
were made by the administrative council and committees. The managerial board
was called as “Council of the Gods”. This means that managerial board had a great
voice on the company’s activities. 1G Farben, unlike Du Pont, was a first-mover in
chemistry. Thus, 1G Farben had benefited both from economics of scale and scope
(Alfred D. Chandler 1990, 175). Company’s organizational structure evolved thanks

to diversification which stemmed from being first-mover.

1G Farben had always carried the burden of “being the biggest in the sector”, thanks
to making more research and development activities. The structure was described

by ter Meer as: “a very skilful structure of technical, commercial and administrative
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committees which worked smoothly together or on their own and which dealt expertly
with the countless problems of the concern or presented them for a final decision by the
board.” (Haber 1971, 338). This description is an indication of how a giant could be

managed efficiently.

5.5 Du Pont: Science and Market Driven Corporate Strategy

American companies were latecomers in terms of the chemical market. At the
beginning of 1913, Germany produced % 85 of world production of chemicals while
USA managed a mere % 2 (Reader 1970, Volume 1: The Forerunners, 1870-1926:258).
However, after World War 1, Du Pont had gained importance in terms of chemical
products. Although Germany dominated the market, rivals of German companies
like British and American firms tended to grow during the twentieth century. Du
Pont was a family company that carried old dynamite and powder business in 1802.
Previously, Du Pont only made research and development activities on powder and
dynamite (for economic rationales see Chapter 6). Beginning of the new era with
three Du Pont cousins in 1903 changed company’s organizational structure. First
of all, renovation of 1903 was a revolutionary movement for the company. Three

important developments occurred after that date:

1. Diversification
2. Decentralization

3. Market driven business strategy

At the beginning of the twentieth century, Du Pont made a decision about product
line and process. Dye business was dominated by the Germans. And its patent and
licences were not copied easily. Developments in the dyestuff market and licencing
issues forced Du Pont for a new quest. Therefore, central research policy and the
organization were rebuilt in 1921 for a remedy to diversify product line and gain
competence in the world market (Hounshell and Smith 1988, 125). Diversification
process had started in 1921 under the leadership of Charles Stine and continued
until the War years. Diversification decision accompanied new business strategy.
According to this strategy, Du Pont made a key business move in order to gain
knowledge and abilities. The new product lines were supported and sometimes

mainly created by acquisitions and mergers.

Du Pont, in the process of diversification had done many acquisitions and mergers.
For example, vital breakup occurred in agreement with General Motors. According

to the agreement, Du Pont obtained a share of the company, which paved the
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way for benefitting from the GM research activities. GM experience opened new
production areas like finishes, polish, and varnish. At that time, there were no
clear-cut protection systems of car body and cockpit for the car makers. A quote
from the head of Cadillac illustrates the importance of this kind new products
bluntly: “.. bad engine or other mechanical fault in a car which would do less damage,
from an advertising standpoint, than poor paint...” (Hounshell and Smith 1988,
142). Such concerns and the GM experience forced Du Pont into new chemical
product lines. After re-organization of the chemical department, cellulose and
paint department was founded around 1920s in order to make more research on
the sector. Acquisition and merger was a corporate strategy for Du Pont. Figure 3
presents the main acquisitions and mergers of the company from 1910 to 1933. The
blue dots refer to companies acquired and merged with the date of the event in

parentheses. The red dots reflect product lines.

According to Figure 3, it is obvious that there is close relation between Du Pont’s
departments and its main acquisitions. For example, nitrocellulose business was
not easy to tap in. Therefore, around 1910, Du Pont decided to obtain Fabrikoid
Company for entering the new business line. Thanks to research in this line, Du
Pont was able to process Nylon and its derivatives. Du Pont’s strategy was based
on economic rationales such as more profit, gaining competence and innovation.
It was a question why Du Pont carried out its business with major acquisition
operations. There were two main reasons for that. First of all, during the
diversification phase, the company faced new challenges in terms of knowledge
and capabilities. Handling knowledge in chemical sector was not an easy work due
to the fact that many novelties stemmed from intense and complicated research
and development activities. In order to tap in these inventive and innovative
processes, the company acquired other companies mainly to acquire their sector
specific knowledge (dyestuff, Freon etc.). The main aim of this business strategy
(or innovation strategy) was to reach other firms’ network, knowledge, experience,
and physical opportunities. The second reason was that organizational learning
was issued while adding a new firm to the company. For instance, In late 1919, Du
Pont entered rayon business with French rayon company (Comptoie des Textiles
Artificiels) (Hounshell and Smith 1988, 162). Doing business with French was a
good opportunity to learn artificial silk and its derivatives. As a result of this, Du
Pont established its Rayon R&D department and entered textile business with

innovative products.
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Figure 17: Evolution History of Acquisitions in Du Pont Company 1910 -33
Source: data compiled from (Hounshell and Smith 1988, 608-610).

Du Pont’s corporate strategy was slightly different from 1G Farben in terms of
organizational attitude towards new challenges and importance of market needs.
At this point, it should be mentioned that Du Pont was a market driven corporate
in some way; on the other hand, as the examples of Cellophane, Nylon, and Teflon
show Du Pont actually created its own market demand through dominating the

market with innovative products. So as to explain organizational factors which
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affected the corporate strategy, managerial structure, knowledge creation and

learning will be analysed below.

5.5.1 Managerial Structure

Du Pont was established in 1802. The initial aim of the company was making
dynamite and powder business in America. It started as family-business when
French origin family had a hegemony in non-organize firms (not a structural
company or firm, It emphasized family-business mostly) until 1903, nearly 100
years (Alfred D. Chandler and Salsbury 1971). Until 1903, business was based on
research on dynamite and the organization structure was centralized. At that
point, the management was by and large non-professional. Chandler proposed
that American managerial capitalism was shaped at the early twentieth century.
After that industrial structure was dominated by professional managers and more

complicated organizational structures emerged (Alfred D. Chandler 1990, 174).

There were two breaking points in the evolution of the managerial structure of
the company: the era of three cousins (1903) and Charles Stine’s new research

programme (1926). Three cousins period was characterized by:

1. More centralized structure

2. Decentralized research

3. Diversification of product lines
4

Professional management structure

All of these changes were important turning points in the history of the company.
According to more centralized structure, old family business was replaced
with more administrative and controlled management. Chandler and Salsbury
described this as “modern, centrally administrated corporation with its own operating
sales, and auxiliary departments...” (Alfred D. Chandler and Salsbury 1971, 118).
Making a new managerial structure was not easy work for the three cousins.
At the beginning, T. Coleman du Pont leaded the company as President. Other
cousins, Pierre was in the Finance works; Alfred was head of powder and dynamite
business. They made important decisions about the organizational structure of
the company. Management was carried out with the President and the Executive

and Finance Committees. Those committees strictly monitored the activities of
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the industrial department® and auxiliary department’’. The departments and sub-
firms were directly connected to management of executives. Unlike 1G Farben,
this management type was mostly flexible. Centralization was always an issue in
the company. Therefore, effective management was always mentioned among
executives. By 1921, the central management scheme was more-professional and
centralized as can be seen in Figure 18 below.

BOARD OF DIRECTORS

L

EXECUTIVE COMMITTIEE FINANCE COMMITTIEE

PRESIDENT
|
[
PURCHASE
AND
INDUSTRIAL DEPARTMENTS TRAFFIC AUXILIARY DEPARTMENTS
I I I I
CELLULOSE DYESTUFFS ADVERTISING CHEMICAL
PRODUCTS DEPARTMENT DEPARTMENT DEPARTMENT
DEPARTMENT
I I I I
EXPLOSIVE PAINT DEVELOPMENT ENGINEERING
DEPARTMENT DEPARTMENT DEPARTMENT DEPARTMENT
PYRALIN I I
DEPARTMENT LEGAL SERVICE
DEPARTMENT DEPARTMENT

Figure 18: Organization Scheme of Du Pont
Source: data compiled and redesigned from (Hounshell and Smith 1988, 15).

According to Figure 18, professional administration was prominent to carry
business. In addition, responsibilities of the president were controlled by the
board of directors just as in the case of 1G Farben. However, know-how was
not disseminated around the company. Apart from research departments and

specific knowledge hubs, management structure dealt with managerial problems

56 By 1031, the department contained R&H Chemical Company, Rayon and Cellophane Companies,
Viscoloid Co, Graselli Chemical Co., Krebs Pigment and Chemical Co., DuPont-Pathé Film Man.
Co., Ammonia Department, Dyestuffs Department, Explosive Department, Fabrics and Finishes
Department, Smokeless Powder Department (Alfred D. Chandler 1990, 186-87).

57 By 1931, the department contained Advertising Department, Chemical Department, Development
Department, Engineering Department, Foreign Relations Department, Legal Department, and Service
Department. (Alfred D. Chandler 1990, 186-87).
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like competence, marketing, investment, government relations etc. At this point
Du Pont’s new managerial system was an integration into American managerial
capitalism, mentioned by Chandler (1990). Moreover, decision-making process
on systematic product development involved two steps: the president and the
executive committee. This means that activity of Du Pont was centralized in
managerial meaning. Also, all divisions were monitored and controlled by the
headquarter. The effect of headquarter was high from 1903 to end of the World
War 1. Managerial structure of the company was complicated. At this structure,

knowledge and learning was challenging but attractive activities.

5.5.2 Learning and Knowledge Creation

Especially, after Stine, organizationally decentralized research programme was the
main source of knowledge creation and learning. By 1921, the main aim of the
research programme was dominated by science and “pure scientificwork”. According
to this fundamental research programme, all knowledge sources will be redesigned
to reach scientific success, which was desired by the company. Stine’s importance
could be understood in reorganizing the research divisions in accordance with
the de-centralization of managerial task. Moreover, the new way of organization
enabled more research and development activities rather than useful and profitable
products. These changes was not taken well by the headquarter; however, Stine,
in his memorandum, proposed that this type of research organization helped to
solve practical issues besides fundamental or pure research (Hounshell and Smith
1988, 224). The plan was simple that all knowledge hubs (individual labs, division
research centres, people etc.) were connected to each other through common
platforms. In Du Pont, individual research team (Like Carother’s polymer team)
carried its activities individually in private manner where results of the research
were not shared with other research divisions. Only the head of research (Stine)
were informed about the progress. On the other hand, non-private of each division
research was completely open to all company. Reports, publications, articles, and
patent ideas were shared to all researchers in the Du Pont Company (Hermes 19906;
Hounshell and Smith 1988). Intrafirm learning did not face serious obstacles during
the company history. Du Pont strategy was divided into two important goals:

market formation and learning science from others.

Market formation means that the company focused to create market for its new
products such as Nylon, Kevlar and Teflon. Demand for those products was not

natural; the company successfullymadeit. Asaresult of pureresearch and sometimes
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incidentally, new products were invented. At the beginning, fashion and textile
industries did not know how to use such inventions. Du Pont also provided this
type of information and knowledge to the industry. There were two ways of doing
this: magazines and training for using areas. Du Pont Magazine was established
firstly in 1913 in order to disseminate products information, user information, and
innovations (Kinnane 2002). As a result of this publication, Du Pont’s brand name
and the practical uses of the products can be understood by the masses. Second
important issue was training and instruction books. Du Pont supported those
materials and activities so as to gain more market share and sell its new products. For
example, after developments in dynamite technology, the Company widen its use
to new areas such as agriculture. This step was vital to understand the idea behind
corporate’s advertising strategy. When Du Pont introduced the new products to
agrarian people they published an instruction book which contained how and
which dynamites should be used in order to make agricultural land development.
(Du Pont 1910). Moreover, in cellophane case Du Pont sent technical people to tell
how and why to use the product (Hounshell and Smith 1988, 169). These clever
marketing strategies encouraged people to make material based innovation as
well. Du Pont’s advertising was not only focused on industrialists but also on the
public. During the great depression era, economy needed to recover and increasing
demand was thought of a good remedy via advertising and product diversification.
Du Pont’s products which were Cellophane, Nylon, Cordura, Teflon were the main
actors in this story. Afterward, those products leaded to many market innovations
like: Teflon skillets, tires, food packaging etc. Also, they created new sectors such as
packaging design, sensitive transportation etc. all of which were issued thanks to

learning (inside and outside) and knowledge networks.

Inside the company, like IG Farben, education background of key persons was
important. Science-based business deserved intense skilful attention, which came
from the university; however, the company also supported proper recruitments
policy. Wallace Carothers, for instance, was hired in the period of Stine and Bolton.
Carothers graduated from Harvard University. At that time, Bolton recognized
him in the Harvard network as a passionate and smart person. He was hired and
he established a team for polymer research in Du Pont. As a result of this, he
invented the Nylon (Hermes 19906, 75-135). Du Pont’s recruitment policy followed
nearly the same path with 1G Farben. Accordingly, two companies used the similar
recruitment policy which is based on close network relationship and reputation
of institutions. Harvard, MIT and Johns Hopkins had decisive role in the history
of the 1G Farben. In their work, Hounshell and Smith proposed that, there was a
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“Hopkins Mafia” in the key positions of the company (Hounshell and Smith 1988,
287 especially under management of the Stine). The key persons who worked in
the management and research departments were analysed between 1925 and 1935,
which produced Figure 5. The blue dots refer to departments of the company, the

red dots refer to universities and finally the green dots refer to people.

The main purpose of this analysis is to show whether there are university cliques
(clusters) between the key persons in the company. This is vital to understand
recruitment policy and university-firm relationships. If there was a close
relationship between division and university’s capability (for example Harvard has
been prominent in Polymer science), then this may indicate a two-way knowledge
transfer either from the university to the firm or from the firm to the university.
Under the light of this assumption, Figure 5 explains the relationships among people
and institutions. First impression from the figure is that the main clusters were
Massachusetts Institute of Technology, Harvard, and Johns Hopkins Universities.
The key persons came from those networks. According to the clustering analysis
Harvard had 13, MIT had 12, Johns Hopkins had 10 connections (see Table 2). This
indicates that people who graduated from these universities brought local and
theoretical knowledge of the institutions that they graduated from. When they
start working in the company, they naturally brought their personal, tacit, codified

knowledge as well as their social and professional networks.

Another important point that emerges from the network is that chemical
department was the biggest knowledge hub among others. It was a fact that
chemical department had an intense research and development programme and
budget (for the numbers please see Chapter 6). In this network, there was an outside
connection from Germany. In 1G Farben case, it is not a simple connection from
the outside. This could be explained as a bridge between outside and inside of the
work. In this example, there were three important connections between Germany
and USA. Charles Resse graduated from Heidelberg University; Elmer Bolton
graduated from the Kaiser Wilhelm Institute; Fin Sparre was from the University
of Dresden. Those institutions were noticeable in terms of organic and inorganic

chemistry.
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Figure 19: Key Persons and University Linkages: Du Pont

Notes: Purple edges: working under the related division Yellow edges: graduation from the related university Grey edges: representing Sub-departments. Key Executives: Raymond Genereaux, Thomas H. Chilton, Crawford H. Greenewalt,
Walter J. Blaedel, Allan P. Colburn, Ralph W. F. Hardy, Charles E. Arnold, Francis B. Vaughan, John Howard Perry, Reynold C. Fuson, Charles L. Reese, Carothers Hume Wallace, Fletcher B. Holmes, Elmer Kaiser Bolton, Henry Belin, Fin
Sparre, Pierre S. du Pont, Charles M. A. Stine, Elmer O. Kraemer, Guy B. Taylor, Hamilton Bradshaw, A. P. Tanberg, Charles F. Lindsay, Charles T. Jackson, Arthur M. Comey, Alfred T. Nelson, Hans C. Duss
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Table 20: Selected Nodes from the network of the Figure

TOP 5 ORGANIZTION Connections CLUSTERS Connections
Harvard University Cluster of Harvard Uni-
" versity B
Massachusetts Institute of Cluster of Massachu-
Technology b setts Institute of Tech- 12
nology
Johns Hopkins University p Cluster of Johns Hop- o

kins University

University of Wisconsin

Columbia University Cluster of University of

2 . . 7
Wisconsin

Those outside connections, before the World War 11, turned the close relationship
between 1G Farben and also 1C1. Germany was an important science and knowledge
hub in terms of chemistry. As a result of this, Du Pont’s key persons benefited from
the knowledge eagerly. Final word, the main implications of this analyse is to clarify
the relationship between institutions and people. Thanks to those institutions, Du

Pont achieved innovations in many product and production line.

To sum up, Du Pont started as a family business. But after two important breaking
points (1903 and 1921) the company had followed a new line of organizational
structure and research and development framework. This new line brought
professional administration in the organization structure and systematic research
activities that were both science-pushed and demand-pulled. In this chapter from
the analysis of DuPont’s organization and its relation with the organization of

research activities following points can be made:

1. Du Pont’s management structure was more centralized compared to 1G
Farben.

2. Research and development activities were mostly free organized in a de-

centralized structure.

3. Network of the key persons in the firm is a proof that universities are

indispensable source for science-based firms.

4. Business strategy of the company was not only market-driven but was also

market forming.

5. Finally, Du Pont’s communication strategy between departments was

coordinated by the president and the executive committees.
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5.6 Summary

Especially, after the foundation of 1G Farben around 1925, global chemical market
tended to grow and many other chemical firms joined the market. 1G Farben and
Du Pont though rather different from each other were two successful big firms in
the market. Predecessor firms of the 1G Farben had already started to do systemic
chemical research at the middle of nineteenth century. Thus, so to say, 1G Farben sat
on the shoulder of giants. Du Pont, however, established as a family business with a
rather narrow scope evolved to play major role in the chemical sector starting from
the 1900s. Considering the major acquisition and merger operation of Du Pont in
the 1920s, it won’t be wrong to say that the two companies had more or less started
the business around 1920s (to be exact IG Farben in 1925 and Du Pont in 1921).
From this date, the research and development activities were a major driver of the
chemical industry. Science was always the supportive force in stimulating economic
growth. At this point, two companies followed their own paths. In this chapter, the
role of organizational learning and structure was analysed. Comparison between
two cases may be helpful to summarize this chapter. Main findings of this chapter

are as follows:

1. Significance of central management in such a scale was recognized by

both companies.

2. Research activities were not directly intervened by the presidential
office in Du Pont; on the other hand, research activities were directly

determined by executives in 1G Farben.

3. 1G Farben relied on scientific management. Rules, routines and standards
were very important. Du Pont had a more flexible production system.

4. Recruitment policies more or less were the same for the two companies.

5. University networks were important not only as a source of knowledge

and human capital but also as a source of social capital of the people in

the top positions.

6. Both in 1G Farben and Du Pont managers were well educated and most
had PhD degrees.
7. 1G Farben created a new entrepreneurship form: scientist-entrepreneurs

like Carl Bosch is a good example to this.

8. Du Pont knew that American market system needed to expand
itself. Understanding the importance of new products was a major
breakthrough for the firm.
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9. Finally, learning opportunities inside and outside were recognized in
both companies. Moreover, those opportunities were institutionalized for

obtaining even more benefit from them.

Finally, those findingsare provided tosummaryof thischapter. Onthe otherhand,some
issuesneed tobe addressed for further explanationsabout the cases. In this dissertation,
data that comes from different sources is analysed in some variety ways. Descriptive
statistics and analysing of secondary data are the common way that is used to explain
the question of the dissertation. Second way is network anaylsis. The rationales for
using the network anaylsis are described and explained in the methodology chapter
of the dissertation. In this paragraph, 1 will make further explanation about network
anaylsis and the relationship of this chapter. Firstly, there are three important points
while selection of the anaylsis. First is about limitation of mathematical numbers.
Sometimes, works are related to numbers to explain something in descriptive way.
For example, GDP or population numbers are used to understand the difference
between the selected countries in one hand. However, detailed analysis and answers
come from further research on it. In some case, generally social science, the numbers
are not sufficient to explain process, change or spontenaous order etc. Because of this
reason, visualization might be a proper tool to explain something. Furthermore, in
this chapter, 1 use some historical data and put them together to understand linear
relationship between parameters. For example, graduation information of the people
shows us there is a close network relationship in formation of research teams. The
slightly different case can be observed Du Pont case. | mean that the information
about the graduation can not be explained in numbers. Morover, the numbers
can not say something about graduation and research teams’ relationship. Second
important point is bridges. Bridge or gates in network anaylsis are commonly used to
understand relationship between nodes. At this point, the links and bridges in some
case can be very important part of the anaylsis. There is no indication with number
in any social theory to explain why and how information flows occur through those
bridge and gates. Last point is about visualisation of the data. Visulisation can not
be understood by all of scientific fields frequently. However, new trend, especially
in natural science, is visualisation data to make better understanding. For example,
the relationsip between ebola epidemic and country can be showed with the help of
network anaylsis of big data. Another example, the cooperation between Neanderthal
and Homo Sapiens through history can be showed with the same methodological tool.
There is no historical record in numbers for this case. Similarly, in this dissertation
those networks are used to comprehend some relations. Networks of the manager

and research teams are the proper example for this.
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Advantages of the network tools are summurized above. In this paragraph will
focus on what important points are indicated by this anaylsis. There are several
important and essential things; however, three points are need to explain in this

line of the paragraph. Those are:

1. Governmental relationships
2. Key persons

3. Close networks

According to data that mentioned in this and previous chapters, governmental
relations betweem corporations create vital differences between Du Pont and 1G
Farben. In Du Pont case, the demand side effect of government creates some new
research areas for Du Pont in explosives and powder business. According to visual
data, it can be clearly observed the close product and user relationship. Other case
draws different graphs in product and users until the war. Those give us an insight
and information about the cases. Which and how differences and similarities
affect the research agenda of the corporation can be understand with this way.
Other important point is key persons and its effects on the process of recruitment
for research and management departments. In this title, the main findings say
that the more or less the companies used the same path to select persons for the
departments. According to data, networks shows close structures of the networks
as cliques and clusters. The mapping of the network is very useful to understand the
action of cases. Final point is related to the close networks mentioned upper line.
Close network means each node closely linked to others. Closeness is measured by
weight of line. According to this information, close networks have two vital features:
more information sharing between nodes and emerging new ideas thanks to more
interaction. The cases have relatively close network clusters in recruitment and
graduation parameters. Therefore, each close network makes more creative idea
and research thanks to link other individual networks. For Du Pont, Johns Hopkins
network contains more linked people (hiring or recruitment). Informal relations,
because of those network, can be enable tacit and experienced knowledge between
research groups or teams. Similarly, for 1G Farben, the network in Berlin Technical

University had vital role to benefit from those network opportunities.

This chapter thank to network analysis and descriptive statistics examined two
cases to understand managerial and organizational differences to touch research
habits, routines and changings. Next chapter will be analysed those routines for

each case separately.
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CHAPTER 6

EFFECTS OF RESEARCH AND INNOVATION ACTIVITIES

“Advances in science when put to practical use mean more jobs, higher wages, shorter hours, more
abundant crops, more leisure for recreation, for study, for learning how to live without the deadening
drudgery which has been the burden of the common man for ages past. Advances in science will also
bring higher standards of living, will lead to the prevention or cure of diseases, will promote conservation
of our limited national resources, and will assure means of defence against aggression. But to achieve
these objectives - to secure a high level of employment, to maintain a position of world leadership - the
flow of new scientific knowledge must be both continuous and substantial.”

Vannevar Bushs®

(After visiting Bayer’s research facility) «The foregoing is but a very imperfect account of this marvellous
works research laboratory. A more typical and concrete illustration of the appreciation of the value of
science by German manufacturers, however, could not possibly be found. but yet it is only one of many
that might be brought forward. Personally, I can. only say, that while lamenting the criminal short-
sightedness of my countrymen, I am lost in admiration of the enterprise displayed by their foreign
competitors: it cannot be denied that they deserve to succeed!»

Henry Edward Armstrong®

6.1 Why Innovation and R&D Matters?

As many works have proved, invention and innovation activities are considered
as important economic phenomena (Hall and Rosenberg 2011). Occasionally,
technical advances (steam engine, telephone) happen thanks to those incremental
or radical changes, but being considered as an innovation or not requires more
questioning. The two concepts have ordinarily close relationship and sometimes
they are confused, although there is an explicit difference between them. As Joel
Mokyr said, invention and innovation relationship must be distinguished in order
to answer three questions: why and how technical changes occur? How technical
creativity happens? Do those changes create a determined pattern in terms of the

economy? (Mokyr 1990, 11).

58 1890 - 1974, Head of the Office of Scientific Research and Development during the war. (Bush 1945, 10)
50 1848 - 1937, English chemist and fellow of the Royal Society.
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At this point, the differences between innovation and invention and their
importance will be provided. Moreover, foundations of those activities and their
relationship with research and development (in general meaning), and science (in

specific meaning) will be mentioned.

In simple meaning, innovation is a process, which covers all economic human
activities. The “process” idea was also supported by Joseph Schumpeter in his well-
known book entitled as Business Cycles (1939). According to Schumpeter, meaning
of innovation has to include making new things inside the realm of economy
(Schumpeter 1939, 80). This means that individuals or innovative people who
are called as “entrepreneurs” by Schumpeter, act in accordance with economic
benefits (i.e., the profit motive). Moreover, those who want to make difference in
economic environment have to commit innovative activities for gaining economic
advantage (Sweezy 1943, 93). The link between innovation and economic benefits
was additionally mentioned by Mises: “The driving force of the market, the element
tending toward unceasing innovation and improvement, is provided by the restlessness
of the promoter and his eagerness to make profits as large as possible” (Mises 1963,
256). According to him, nature of the market is shaped by human action of
entrepreneurs who are making new things to reach new profit opportunities. As
known from Schumpeter’s work, innovation is a dynamic process, which results
from the capitalist economy where entrepreneurs seek entrepreneurial profit
(Schumpeter 1934). As a result of those actions, the new ideas are put into practice
and entrepreneurs establish their businesses. In broad perspective, those actions
are repetitive in an economy (Schumpeter 1934, 17). Naturally, the repetitions,
somehow and sometimes results in discovery of “new combinations”. Finding new
things and putting them into practice (at this point practice refers to economic
use) are the first features of innovation. The second feature is to be introduced to
the market for economic gains (Schumpeter 1934, 45). In so far, as provided above,
the features of innovation are sufficient to distinguish innovation from invention.
Hence, the basic and noticeable difference between them is its application in
market. Innovation could be established in the market and have to be demanded or

developed through the market.

Onthe otherhand,invention or inventive activities are not required to be market assets
that would make money. Jan Fagerberg (2005) illustrate this difference by giving
example on time lag between invention and innovation. Sometimes, complementary
factors (added technical improvements from other sectors etc.) and vital inputs

(demand etc.) are not suitable to produce an invented thing in commercial scale
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(Fagerberg, Mowery, and Nelson 2005, 4). For example, Leonardo da Vinci (1452 -
1519) sketched many drawings on flying machines and made prototypes of them.
The effort could be evaluated as inventing some new things. However, because of
the “proper” technical conditions, commercialization of flying was delayed until
the 1900s. Moreover, Kline and Rosenberg (1980) state that “The fact is that most
important innovations go through rather drastic changes over their lifetimes—changes
that may, and often do, totally transform their economic significance. The subsequent
improvements in an invention after its first introduction may be vastly more important,
economically, than the initial availability of the invention in its original form.” (Landau
and Rosenberg 19806, 283). For instance, invention of steam engine was a technical
improvement in the field of machine industry; however, economic effect of it was
observed after the introduction of the technology as an internal production factor
for the industry. Moreover, Adam Smith (1723 - 1790) in his famed book entitled the
Wealth of Nations, emphasized the economic effects of invention and innovation
in terms of labour productivity in England. He states that “..the invention of a great
number of machines which facilitate and abridge labour, and enable one man to do

” o«

the work of many.” “Invention of something” (in his case, it is the steam engine)
caused productivity to rise. As a result of this, economic effect of an “invention”
was observed in England as organizational change in the industry. Furthermore,
this example shows that invention and its practical use provides some economic

benefits like rising productivity during the Industrial Revolution in England.

So far, differences between invention and innovation are emphasized. In accordance
with the consensus on the definition, the main differences of those activities could
be grouped in three points: the first is that each invention could not be transformed
into an innovation; the second is that while innovation requires an interaction
between economic and social institutions, invention does not; the third, and most
importantly, innovation needs an economic incentive mechanism like making
more profit; on the other hand, invention does not. Non-economic incentives
(with Mokyr’s term intangible symbols) like rewarding Nobel Prize, medals etc. also
matter for inventions (Mokyr 1990, 40). In order to clarify the differences between

invention and innovation several examples are provided in Table 21 below.
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Table 21: Some Examples on Invention and Innovation

Invention Innovation
Typography, Printing Ink Printing Machine
Synthetic Gore-Tex waterproof jackets
Silicone, Electricity Transistor
Cellophane Food packaging
Nylon Women Stockings
Wheel * Car
Radar Car’s pedestrian radar

(I) Here is an important point: invention of wheel and its practical use could be considered as

inventive activity. Moreover, using a car for transportation has many “incremental” innovation

processes. Finally, commercial appearance of car is considered as an innovative activity.

Innovationscouldbeclassified accordingto typesand characters. From Schumpeter’s

writing, Fagerberg (2005) summarized five types of innovation:

«  New products (e.g., rubber tires).

«  New methods or techniques of production (e.g., Haber-Bosch process in

the making of ammonia).

+  Making or discovering new sources of supply (e.g., Synthetic fuel contrary

to fossil fuel).
+  Finding new markets (e.g., Nylon and women socks market).

+  Organizing business with new approach (e.g., DuPont’s marketing strategy
for selling its dynamite to farmers. See Chapter 5). (Fagerberg, Mowery,
and Nelson 2005, 9-10).

The types of innovations can be observed broadly in the industry. For example,
IG Farben could be classified as innovative in terms of creating new markets,
products and methods. Similarly, DuPont could also be considered as an innovative
organization. At this point, further explanations on innovative activity can be useful
to answer the question on how and why innovation occurs. Not all new things are
inventions. Sometimes, small but non-scientific technical improvements (for example
organizing production differently) can cause technological change. Innovation that
involves small but not novel changes can be characterized as incremental or marginal

innovations. Otherwise, when “mostly” novel and significant things are introduced
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to market, they are named as radical innovations (Fagerberg, Mowery, and Nelson
2005, 6; Hall and Rosenberg 2011, vol. 2, chap. 4). Demarcation between terms like

radical or incremental is not determined clear-cut.

As known from empirical works, innovation process has a systemic nature (Freeman
and Soete 1997; Hippel 1988; Nelson and Rosenberg 1993). According to this
explanation, innovation requires some external sources like institutions (market,
financial system etc.), organizations (public, private enterprise etc.) and incentives
(public or private encouragement like tax incentives, profit opportunities etc.). In
some cases the process is handled by the private or public sectors. For instance,
1G Farben’s rubber works were considered mostly a private initiative. Du Pont’s
dynamite innovations generally stemmed from public demand. Those activities,
mostly, are carried out by entrepreneurs who are encouraged by economic
incentives such as decreasing tax rates, public procurement etc. In addition,
innovation is also stimulated by establishing right business mechanisms like
finance of innovation. Thus, with the words of Van de Ven (2008, 149), innovation
is a “collective achievement”. Although economic institutions of a country can
stimulate innovation performance, likewise, the social (Mokyr 20106) and scientific
(Jacob 1988) experience of a country affect the innovation process. For example,
“Cultural Entrepreneurs”®, with Mokyr’s term, are those who lead the cultural change
in a society in economic and institutional terms. In addition, according Mokyr,
Isaac Newton (1642 - 1726) was a social entrepreneur by revealing the rule of nature
in a systematic manner (mathematics, physic, astronomy). Subsequently, Newton’s
approach changed many things in science and technology and influenced economic
development in the eighteenth century (Mokyr 2016, 99). Changes in scientific
perception have shaped today’s scientific vision in every field of applied and basic
science such as engineering, mathematics, and physics. Francis Bacon (1561 - 1620),
like Newton, was a pioneer to establish scientific method and scientific principles
(Mokyr 2016, 71-98). Today’s economic and technological advances influenced and

developed via those “innovative” impressions.

60 Entrepreneurship can be defined in various ways. For economic definition, Kirzner perceives
the entrepreneur as a profit-seeker and aware of alertness which come from market. This kind
of features of entrepreneur causes finding new things, discoveries and profit opportunities in
the market. Moreover, Kirzner said that market process has many actors and entrepreneurs are
important in economizing opportunities. Entrepreneurial profit approach is the key to understand
how firms and individuals succeed in market conditions. Kirzner emphasizes this function as a
result of intended and unintended consequences of the process (Kirzner 2015). The sociological
definition, for example, Greif’s moral entrepreneur definition tries to stress how some societies
are affected by the persons who are important in affecting their followers with moral visions (Greif
and Tadelis 2010).
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Innovation, in terms of economic dimension, has been a complicated phenomenon.
In theliterature, the complication has been tried to be explained through measuring
innovation in many ways such as the Community Innovation Survey, patent
statistics, technological machinery inputs, research and development expenditures
etc. (K. Smith 2005, 149). Measuring innovation enables to explain how and why
question but the measurement problem has not been solved yet. Some features of
innovation, social or philosophical as mentioned above, have not been assessed
properly. Likewise, an invention or innovation process includes many variables
and factors: social order can affect an innovation process (before Enlightenment,
between 1685 and 1815 church has an authoritarian role on science and society in
Europe (Dixon 2008, 14)), economic institutions can be important (competition
has positive effect on innovation and invention process (Cantwell 2005)), cultural
differences can be a leverage in innovative activities (knowledge and growth has
been truly influenced by acceptance of cultures (Jacob 1988; Mokyr 20106)). In the
light of these facts, it can be said that innovation is an evolutionary process, which

is affected by various circumstances.

At this point, as it is known, innovative process, scientific improvements and
research are closely linked to each other. Scientific research or pure science
activities may also have positive effect on innovation activities. The research on
this issue proves that funding basic science creates more innovation (Bush 1945;
Crawford 1981). In addition to this, Flexner also supports the idea that science can
be effectively promoted for the sake of science; as aresult of this, many technical and
technological improvements are accessible for the economy and society (Flexner
2017). 1t is a fact that Maxwell’s equations led to industrial applications such as
radar, electrical based devices etc. Moreover, if Robert Boyle (1627 - 1691) had not
made research on the sake of “science” and had not composed Boyle’s Law, then
rubber tires could not be introduced to market. Or if Newton had not discovered
the laws of optics and colour spectrum using calculus and reflecting telescope,
humanity would never have met with Gore-tex synthetic textile fabrics (Tyson,
Strauss, and Gott 2016, 35). The relationships cannot be separated from each other
easily. Science can create technological development; likewise, technology can
promote science. Furthermore, innovation sometimes requires scientific research,
but sometimes not. However, as it is known from the works of Hayek, scientific
knowledge has two distinctive characteristics: non-dispersed and cumulativeness
(Hayek 1945b, 20123, 189; Oguz 2000, 150). Non-dispersed means that knowledge
czan acquire from systematic theories like General Law of Gravity. The important

point in that sense is that scientific knowledge is available for all and general rules
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of scientific knowledge could be explicit and centralised contrary to economic
knowledge. Moreover, cumulativeness refers to a process. Knowledge might be
developed and acquired with the help of trial and error actions of others’ (Petsoulas
2013, 19). A scientist uses scientific knowledge, which has been composed earlier.
For example, Newton’s effort to make systematic works on calculus paved the way
for developments in modern chemistry. Each known thing in a society emerges with
the help of past experiences and codified (explicit) knowledge®. This fact proves that
scientific developments and research, in the long-term shapes industrial products

and processes and naturally and type of industrial relations.

Finally, the demarcation between science, novelty and innovation cannot be drawn
easily. Causality relationship between them is a problem. Cumulative process of
science provides innovation process with the help of R&D. The aforementioned
topics show that innovation and technological progress are not meaningful
without scientific achievement. In so far, the arguments explain the question on
why and how innovation occurs. In order to avoid confusion in the process of
knowledge creation the story of rubber ties is illustrated in Figure 1 as an example
of the complicated relations between science, research, invention and innovation.
The main aim of the figure is to show how each scientific improvement can be
important on next scientific invention or technological innovation. If work on
optics somehow had not started, Newton may not be successful in forming scientific
rules. In a similar manner, demand on rubber forced private sector (Bayer) to foster

scientific research in order to produce rubber synthetically.

61 Codification debate in the science and technology literature has an extensive coverage. With
Michael Polanyi’s vocabulary, knowledge has not always been created in explicit way. As a result
of its nature, sometimes individuals have knowledge but they are not aware of how “knowing”
happened. This type of knowledge is called as Tacit Knowledge (Polanyi 1983). Scientific knowledge
can mostly be explicit like formulas, laws, systematic, calculations etc. Nevertheless, tacit dimension
of knowledge cannot disappear in the knowledge creation process according to Polanyi. At the
expense of giving a long citation, in order to clarify the importance of tacit knowledge in science
his words are quoted (bolded emphasis is the author’s): “The popular conception of science teaches
that science is a collection of observable facts, which anybody can verify for himself. We have seen that
this is not true in the case of expert knowledge, as in diagnosing a disease. But it is not true either in
the physical sciences. In the first place, you cannot possibly get hold of the equipment for testing, for
example, a statement of astronomy or of chemistry. And supposing you could somehow get the use of
an observatory or a chemical laboratory, you would probably damage their instruments beyond repair
before you ever made an observation. And even if you should succeed in carrying out an observation to
check upon a statement of science and you found a result which contradicted it, you would rightly
assume that you had made a mistake.” (Polanyi 1983, 63-064).
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Figure 20: Story of a Product: Scientific Activity, Research, Invention, and Inno-

vation Process
Source: Telescope and microscope: (McClellan and Dorn 2015, 243, 288), Newton (1liffe 2007;
Nicholson 2016), Chemistry, Lavoisier, Isoprene (Atkins 2015; Daintith 2008; Talapatra and Tala-
patra 2015, 332; Yount 1997), Synthetic Rubber (Daintith and Martin 2005; Harp 2016; Obrecht
et al. 2000), Bayer (Verg, Plumpe, and Schultheis 1988), Tires (French 1991).
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As seen from Figure 1, the process of innovation (rubber tyres) is divided into
three main parts. The first part is scientific advances and novelty (revolutions).
It took 240 years to transform the first scientific ideas in to modern chemistry.
At this point, education system and dissemination of science have a key role to
understand the process. In that period, different geographies had different science
capacities; therefore, dissemination of knowledge was not easy in the field of
science. The second part is related to research-intensive developing process.
Private entrepreneurs bear the big responsibility to generate economically efficient
products. Bayer, for instance, already had a private R&D laboratory at Elberfeld,
Germany so as to realize industrial opportunities in the field of chemistry. In this
very specific laboratory, Bayer had extensive research on tar, dye-manufacturing
and rubber since 1860 (Armstrong 1893, 30). By 1902, Bayer opened Artificial Rubber
Laboratory® and employed 11 chemists. At that time, totally 262 chemists (57 of
them is research chemist) was employed at all laboratories of Bayer (Meyer-Thurow
1982, 371). The third part of Figure 1 is mostly associated with organizational and
incremental innovations. It took 8o years to develop variety of products with
different novelties. Considering the very long history, novelty of tire is truly
affected by scientific and technical advances, which is very good example of Hayek’s
cumulativeness mentioned earlier. In summary, developing a product or inventing
something takes long time (in this example it might be as much as 410 years) from

pure scientific research to actual product.

6.2 Elements of Innovation

Innovation is treated as a complex issue in the literature. Features, specializations
and factors that make innovation have profoundly been tried to be defined since
the time of Schumpeter. Initial works on the issue can be considered as an attempt
to reveal the nature of innovation and its institutional roots. Nelson and Winter
(1982) tried to understand the change in economic relations. The main argument
is that if economic development is observed there must be a driving force, which
trigger those changes. Technology is one of the most important driving forces.®
The understanding of economic growth and increased competitiveness are
improved by innovation theories. Most of industrial case studies, like Freeman
(1987; 1997), Dosi (1984b), Mowery and Nelson (1999), and Malerba (2004)

62 By 1902, Bayer had seven laboratories: Main, Pharmaceutical, Bacteriological, Inorganic,
Alizarin, Photographic and Technical Products, Artificial Rubber Laboratories.

63 At this point, in mainstream economics after Marshall, technology is not a calculable variable
contrary to Nelson and Winter’s arguments. According to Marshall, technology is given (Rothbard
2000, 105).
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reveal that competitiveness, economic growth and industrial relations have
been positively correlated with innovation and technological change. Another
important step in the literature is the emphasis on the difference between
innovation and technological change and the “system” approach that is used to
understand innovation. The approach premises that in a given boundary (like
nation, sector or cluster) firms perform innovation and research activities in a
tight nit of network that consists of economic, social, political, organizational
and institutional actors. The determinants of a “system” have been developed
by Nelson and Rosenberg (1993) and Freeman (2008). Elements of innovation
have been examined at the nation, sector and firm level extensively. Some cases
show that innovation process might not require a “system” in the short term;
on the other hand, research activities, in the long run, need a well-defined set
of investments, incentives, organizations and institutions. Moreover, those
elements are inevitable for establishing a successful innovation system. Silicon
Valley example can be explanatory for a successful system approach. If had no
patent, education and market system, the Valley could not be a success story.
For the particular case of the chemical industry, in the long run, the firm cases
investigated in details below were supported through establishing strong and
coherent systems like patent, education organizations and other incentive

mechanisms.

In the case of chemical industry in Germany and USA there was a proper ground to
understand the elements of “research and innovative activities”. For each 1G Farben
and DuPont, the innovation ecosystems, which the firms are embedded in, were
observably different. However, the difference in innovation ecosystem was also a
result of success of the two giant companies. The next part of the chapter clarifies
various issues like how research is conducted in each case and how innovation

elements that act as a stimulus to economic efficiency are decisive for success.

6.3 1G Farben: Mecca of Chemistry

Even in the beginning of the 20" century, Germany had a significant science
history that was benefited generously to develop the chemical sector. There was
no doubt, until now, Germany, naturally 1G Farben had a remarkable history in
terms of developing science organizations (Academy of Sciences Leopoldina, 1652;
Prussian Academy of Sciences, 1700) and scientific institutions (Gymnasium, Technische
Hochschulen, Humboldt rules in higher education). Under this title, three issues will

be considered in detail in order to understand the effects of research activities in the
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company: heritage from the past -science and research tradition until 1900s, 1G Farben’s
industrial research before and after Hitler - intervention period, and the integration to the

world again.

6.3.1 Heritage from the Past: Science and Research Tradition until 1900s

As David Landes puts it, Germany has an extraordinary position among other
competitors in the chemical industry which resulted in a monopoly in the beginning
of nineteenth century (Landes 2003, 275-706). Also, Meyer-Thurow supported the
idea of “great” Germany in chemistry. He argued that German dye manufacturers
had a supremacy in both science-based industry and growth of the sector (Meyer-
Thurow1982,363). The facts about German’s dominance were based on the country’s
science and education history. Germany had a rooted science history; similar to
Britain. Academy of Sciences Leopoldina was established in 1652. Its members were
most influential and notable scientists like Max Born, Albert Einstein, Gustav
Hertz, Carl Bosch, and Fritz Haber (“Die Leopoldina: Nationale Akademie Der
Wissenschaften” 2017). Moreover, science background of the country as a result
of the scientific accumulations delivered many scientific developments (radar,
synthetic fuel and X-ray etc.) leading technology development and technological
products in many aspects. According to Cornell, science inheritance was a
significant aspect in understanding technology and scientific advance of Germany
(Cornwell 2004). In parallel, Germany had great scientific knowledge in chemistry,
especially organic chemistry. Dye manufacturers generously benefited from the
knowledge of organic chemistry since the beginning of 1850s. According to Marsch,
rapid growth of chemistry industry had started at Offenbach region in Germany.
Hoechst, Bayer, Griesheim-Elektron, BASF, and Kalle was founded between 1850
and 1863 (Marsch 1994, 25). The founders of those firms were university educated
chemists or hold PhD degree in chemistry. In addition to this, in order to benefit
from scientific knowledge, firms conducted original research activities thanks to
“scientist” workers. By 1863, BASF employed one chemist; Bayer had three. By 1912
BASF had 300% and Bayer had 320 chemists, respectively (Marsch 1994, 26). In 1928,
IG Farben employed 642 chemists only in Central Laboratory at Ludwigshafen
(Johnson 2000b, 43). There were about 1000 chemist in the entire IG Farben from
the beginning of the company (Marsch 1994). In addition to this, science-based firms
strongly implemented their own research programs. After its establishment Bayer

set out its research laboratory to do research on organic chemistry in 1886%. Same

64 Total workers of BASF (included chemist) was about 6400 in 1900 (Homburg 1992, 105).
65 Laboratorium der Azofabrik, Wissenschaftliches Hauptlaboratorium (Homburg 1992).
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path was observed in BASF, when Heinrich Caro founded the Main Laboratory in
1877 to carry out high quality research works. As a result, establishing a system
of research caused each company to had its own infrastructure to transform its
scientific and technological knowledge. Another 1G Farben constituent firm,

Hoechst, established its Zentrallaboratorium at Frankfurt in 1883 (Lindner 2008).

Organizational and institutional change in the dye industry resulted from
two important events. The first was enactment of the German Patent Law
(Reichspatentgesetz) (1877). The second was related with economic factors as a result
of scientific advances and developments. German Patent Law in 1877 was changed
especially for the chemical sector due to the fact that to produce material copying
the products was not allowed anymore. Therefore, the process, procedures and
techniques could be patented to the firm. Before the Patent Law, firms did their
research activities outside of the firm. This type of institutional change induced by
the patent system led the conversion of the sense of research (Homburg 1992, 104;
Marsch 1994, 23; Meyer-Thurow 1982, 367). Changes had been initiated inside the
firms as forming new research units to make fundamental and applied research.
As mentioned above, BASF and Bayer and many other dye manufacturers set their
laboratories inside the firm to found new products and processes. The second
development was related to economic factors that affected production of dye
manufacturers. Market of dye had been rapidly growing during the 1850s. Growth
factors were mostly based on demand. More demand from textile industry and other
fabricators who use organic chemical intermediates increased the production of
dye manufacturers. To illustrate, by 1878, estimates showed that world production
of dye was about 70 million RM; 44 million of it was produced by German firms.
This number, in 1883, was 92 million of which 60 million was the share of Germany
(Meyer-Thurow 1982, 365). Further research in chemistry promoted new processes
that resulted in making and producing chemicals in an efficient way. This increased
production and affected the numbers of workers positively. From 1860 to 1900,
the biggest chemical producers grew at an exponential rate. Firm size in terms of
employment could give an idea about the sector’s importance and composition

(See Figure 21).

66 Iltwasinitially founded as Caro’s private laboratory and afterward it became Hauptlaboratorium
for BASF company.
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Figure 21: Number of Workers between 1870 and 1900
Source: Data from (Homburg 1992, 105)

Size and scale economies were the reason why German dye manufacturers produced
more and rapidly during thergoos. Moreover, size promoted a new type of research
sense and a new type of organizational challenge in order to handle works in an
efficient way. As a result of this, companies had started to change its activities
and organizations. The change could be understood as establishment of research
laboratories inside the firm. There is no doubt that historians like Meyer-Thurow,
Homburg and Marsch who are prominent researchers in the history of chemical
sectors agreed that the dominance of Germany in the sector had started with
the help of these changes. Meyer-Thurow called this change as “industrialization
of invention”, Homburg and Hounshell & Smith, similarly, argued that research
laboratories were an “entity” inside the firm which significantly affected the
production line of the company and corporate strategy (Homburg 1992; Hounshell
and Smith 1988).

Rising research laboratories demanded more people who were trained and educated
in chemistry. Bayer, just after opening its research laboratory, defined and changed
the task composition of jobs. For example, Foreman’s duty was defined again. They
were replaced with university-trained chemists. Many chemists were employed in
research laboratory during 1880 - 1900. By 1900, 134 chemists (this number was
11 in 1880) were employed to continue systematic and high-quality production
(Meyer-Thurow 1982, 368). BASF, thanks to research on chemical processes made
synthesis of Alizarin and Aniline (indigo dye pigment prepared from this). Those
developments played vital role to expand German dye market. By 1912, BASF hired
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300 chemists (in 10 0oo total workers) (Marsch 1994, 30). With the expansion,
rapid patenting and development process had just begun in Germany. By the
way, similar paths for establishment of research laboratories were followed by
other manufacturers such as Hoechst, terMeer, and AGFA. Comparing with the
USA, DuPont, the diffusion of this new trend in the chemical sector - establishing
research laboratories inside the firm- had an early kick-start in Germany. DuPont
established its research laboratories by 1902 with a lag of about 25-30 years. By
1906, DuPont invested about 150 0ooo dollars on establishing R&D laboratories
(Hounshell and Smith 1988, 14). In 1909, Bayer spent about 203 ooo dollars®.

With the rapid expansion of research laboratories, two fundamental issues had
been raised. The first was management of the research activities. The second was
continuing the “creative” science process. Management issue was a turning point
for German firms (Homburg 1992). They wanted to carry out high quality and
standard research in production thanks to management of the research process in

their own way consisting of three basic elements:

1. Recruitments of research managers who also were chemists.
2. More active role for persons who work in laboratories.

3. Decentralizing activities.

Thoseare the factors mainly affected the managementside of the “industrialization
of inventions”. The second fundamental activity was sustaining of the research
process. German firms, BASF and Bayer developed incentive mechanisms to
update scientific knowledge and elevate the interest of the chemists who worked
in the laboratories. Bayer prepared regular scientific conferences for catching
new ideas and scientific developments. Those conferences were the best place to
share ideas and information among academicians and scientists (Meyer-Thurow
1982, 371). Besides, in Bayer, chemists benefited from financial incentives like
royalties and distinctive annual salaries. To illustrate, a chemist, in Bayer, earned
20 000 RM annual salary and also 51 727 RM of royalties (Meyer-Thurow 1982,
374). Those were the important incentives to promote research activities among
competitors in domestic and international markets. In addition to this, German
chemical industry promoted and supported students to encourage joining the

firms after graduation.

67 Calculation based on rates of exchange which are from Haber’s work (1971). According to his
work, currency is calculated as 1£ = 4.9$ and 1£ = 20 RM. Number of R&D expenditure was based on
Thurow-Meyer’s work (1982, 381 footnote: 37).
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At this point, it should not be forgotten that many Nobel laureate scientists worked
in 1G Farben in both management and research. Fritz Haber and Carl Bosch were
famous examples. Bosch, also served at managerial position in both 1G Farben
and BASF. Haber, too, supported many new inventions with his scientific talent
(Chemical gas, and so importantly, nitrogen processes) from the beginning of the
twentieth century (Charles 2009). Their Haber-Bosch process was a revolutionary
development in industry and science. Practical benefit of the process, especially,
was seen in agricultural fertilizers. The new process enabled to produce higher
quantity of fertilizers in reasonable price. As a result of this, Haber-Bosch’s process
was called as a solution for “feeding the world” (Smil 2004). Haber was a Jewish
scientist and friend of Albert Einstein from Berlin. Before Hitler, this friendship
had made many developments in science. Hitler’s attitude toward the Jews, in the
beginning 19306, affected Haber’s position in 1G Farben and Germany. Haber did not
want to leave the country and demanded to serve the Third Reich, a situation that
was highly criticized by Einstein (Stern 2016, 59). Scientific achievements of Jewish
scientist were no less than a Nobel award (Cornwell 2004, 127). But the destiny of

Jewish scientists shared the same faith with other Jews who lived in Germany®.

Until now, the factors that had key role to develop new products in the chemical
sector are examined before the establishment of 1G Farben. Therefore, BASF, Bayer,
AGFA, and Hoechst, which are constituent firms of 1G Farben were examined
for understanding research activities in the early period of the 1G Farben. After
all, science heritage of Germany made German firms to adopt a “new” phase of
industrialization. This means that knowledge accumulation clearly promoted an
environment in which firms transformed their businesses into “science-based”
enterprises. The changes enabled entrepreneurs to take first-mover advantage
in the industry. When early period of IG Farben is compared with DuPont, it is
obvious that domination of Germany was an evolutionary process in itself; not a
coincidence. Next section shows how 1G Farben continued its research activities

and succeeded diversification of products until Hitler’s coming into power in 1933.

68 Jewish and science effects show itself in the “science networks”. Thanks to those networks 1G
Farben was successful in innovation. When number of patent statistics between 1925 and 1945 is
analysed one can see that %20 of the total plastic patents in the World were obtained by 1G Farben.
Another statistic shows that 1G Farben had %45 of “important innovations” between 1870 and 1945
(Delorme 1962; C. Freeman and Soete 1997).
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6.3.2 1G Farben’s Industrial Research Activities: Before and After Hitler

I1G Farben (in German: Interessen-Gemeinschaft Farbenindustrie AktienGesellschaft)
was formally founded in December 9, 1925 in Frankfurt, Germany. 1G Farben
composed of six pretty big companies® some of which are already mentioned
above: Bayer (1803, pharmaceutical company), BASF (18065, organic chemistry, dye-
making), AGFA (1867, medical and daily imagining systems), Griesheim-Elektron
(1850, electrochemistry), Weiler-ter Meer (1877, textile dyes) and Hoechst (1862,
dye-making). Between 1926 and 1930, 1G Farben’s research strategy continued in full
strength. Antecedents firms’ research routines and habits were not changed much
in the merger process. The new merging company faced three major difficulties

while the business grew.

The first is diversification of the product lines. 1G Farben and its constituent firms
were mainly specialized on organic chemistry: dye products such as indigo, alizarin
etc. Therefore, as a result of the merger, the new firm contained more qualified men
and more knowledge that could be exchanged among firms. Research, especially
fundamental research, created new and diverse lines like inorganic chemistry, nylon,
plastic etc. Hence, 1G Farben increased the variety of products in its plants through
sophistication of research activities. Production lines and names of the products,
by 1929, are summarized in Figure 4 below. New lines and product diversification
were supported by financial sources. In 1928, total research expenditure of new
lines was 70.6 million RM. Parenthetically; total research expenditure was 134.9
million RM. After Hitler’s intervention, in 1936, the numbers were 14.1 in new lines
and 69.4 million RM in total research expenditures respectively (Marsch 1994, 54).

Research costs by selected years are represented in Figure 3 below.

69 Six company and its major plants are BASF: Ludwigshafen, Oppau, Merseburg, Niedersachswerfen;
Bayer: Elberfeld, Leverkusen, Donnagen; Hoechst: Frankfurt am Main, Gersthofen, Biebrich; Agfa:
Berlin-Treptow, Berlin, Bitterfeld, Griesheim-Elektron: Frankfurt am Main, Offenbach, Bitterfeld,;
Weiler-terMeer: Cologne, Mungersdorf, Nippes (1G Farbenindustrie AG 1928).
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Source: Data from (Marsch 1994, 54)

Each main laboratory conducted fundamental research in house due to the
institutional settings of market. Profit opportunities pushed 1G Farben’s research
laboratories to examine polymer. Synthesizing polyamide reached success in 1936
and new product was named as Nylon 6 (Marsch 1994, 54). By the way, in DuPont,
Wallace Carothers and its group succeeded synthesizing Nylon 66 in 1934 (Hounshell
and Smith 1988, 183). Sparte 11 was specialized on rubber, plastic and important
organic intermediates. Basic research and scientific investigations were conducted
with the help of 4.8 million RM research budget. Comparing with Sparte I, this
number was very low. By 1942, 1G Farben sold 114.2 million RM plastics and spent
only 0.2 million RM for its research. Specialization and accumulation of knowledge
was positively correlated with scale economies. Sparte 11 and Sparte 111 benefited
from this too. Main activities of Sparte 111 were making fundamental research on

photographic products, artificial fibres an etc.
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Figure 23: Production of Divisions and Research Costs of 1G Farben in 1929
Source: Product data and numbers from (Marsch 1994, 37, 54)

The second difficulty was the decision of centralization vs. decentralization of
research. The same problem was seen in DuPont chemical works. The difficulty
stemmed as a natural result of the size of the company. Boundaries of 1G Farben
were quite big. When the merger company was established in 1925, it had 37
production plants across the country. 36 were actively operating for regular
production (TerMeer 1953). The size of the company affected the research activities
as well. Consequently, two important events drove the discussions on changing the
organization structure. First, mainly advocated by Duisberg, rests on the idea that
research should be centralized and controlled by a central committee or commission
to reach efficiency and success. However, this idea was criticized, especially by
terMeer. According to terMeer , who was the head of Sparte 11, research perception
of 1G Farben needs to be reviewed, since the advantages of decentralized research
were probably higher than centrally coordinated research activities. terMeer had
started to change the research structure in 1929 and when completed in 1930,
there were over 50 laboratories inside the company (Marsch 1994, 49). Second
important event was the research decisions in plants. Planning was done by the
scientific commission that convenes twice in a year. As a result of this planning
mechanism, research was mainly conducted by individual plants. Knowledge,

cooperation and technical support were discussed in the commission. This model
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answers the purpose of making “new” things such as Azo dye, rubber, artificial silk,
rayon etc. Finally, centralized research policy continued until Hitler’s Four-Year
Plan (See Chapter 4). Afterward, strict and inflexible controlling had started. By the
way, each Sparte had its own organization structure. At this point, centralization
or decentralization type of management was not meaningful so much. According
to available data, Sparte 1 which was controlled by Krauch and Scharf was more
diversified in terms of organizing sales and production. Sparte 2 had a complex
structure. Inorganic chemical department was controlled and managed by Kiihne
and Pistor. Dyes department was managed by terMeer and Pharmaceuticals was
managed by Hoerlein. Also in this Sparte, all departments were controlled by
department-related committee such as Dyes committee, inorganics committee etc.
At this point, Sparte 2 can be said to have de-centralized departments that had their
own decision-making processes; however, the Sparte was strictly controlled by 1G
Farben management and scientific board. On the other hand, Sparte 3 had its own
one-hand management sense. Photographic, Fibers, Explosives, Celluloid business
and production was managed by Gajerski. It was responsible to make efficient
production and R&D.

After all the main difficulty was conducting research under Nazi interventions.
From the start of the company until Hitler’s Four-Year Plan, IG Farben handled
research activities under strict power of Nazi fascism. Total research expenditures
were about 343 million dollars in 1928. Dye, process, hydrogenation, rubber works,
inorganic chemicals were carried out by the organization. Farben’s research policy
was influenced by the competitors but the foreign policy of the country had little
effect. Industrial growth of the country needs more intermediates and 1G was there
to satisfy the demand. Sales numbers showed that in 19206, IG’s hydrogen sales was
%42.4 of total sales (1078 million dollars). Dye sales was %33.3 (848 million dollars).
Compositions of sales in 1926 - 1932 - 1936 and 1942 are represented in Figure 24
below. Dramatic change happened in the production of Dye. In 1942, total research
expenditure was zero; however, production quantity was the same compared to
the previous year. During World War 11, IG Farben mainly focused on chemicals
and synthetic gasoline. Moreover, in accordance with the Four-Year Plan, the Reich
demanded war related research and products. BUNA rubber production, which
was mostly conducted by slave workers is a good example to explain the war effect.
Research activities steadily decreased during the war. Especially, toward to the end

of the war, 1G Farben almost totally cut down its research activities.
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Figure 24: Composition of Sales in Selected Years (Percentage)
Source: Numbers from (Marsch 1994, 73)

Intervention of the Reich was also observed in cooperation with other competitors.
DuPont always desired to benefit from German knowledge and know-how;
moreover, DuPont wanted to licence 1G Farben’s styrene resins patent. In a similar
manner, 1G needed to get DuPont’s mono vinylacetylene (MVA) patents to make
butadiene which is required to make synthetic rubber (Hounshell and Smith 1988,
200). According to Hounshell and Smith, “despite political risk”, three agreements
were issued to make mutual information exchange in 1938 (1988, 207). However,
those agreements were cancelled in May 15, 1941 (G. D. Taylor and Sudnik 1984, 139).
Many other interventions were seen in the history of 1G Farben. Unfortunately,
some of them forced the company to commit war crime (see Chapter 2). Statistics,
especially between 1941 and 1945 are not reliable for this very specific reason that
1G had become a company that produced for and financed the war. As a result of
the war, 1G Farben renounced its economic and scientific activities at the expense

of losing its reputation in the market.

In conclusion, 1G Farben faced three major research difficulties between 1925
and 1945. Those are examined in detailed above to understand how the company
conducted research. Some figures are intentionally used to understand the holistic
view on innovative process. After all, although, 1G Farben became obsolete in 1952,
its legacy, research institutions and organizations have continued. Dissolution of
1G Farben was not the end for the German chemical firms. BASF (1952), Bayer (1951),
AGFA and Hoechst continued its activities under their old entities. At this point,
past science experience and accumulated knowledge of 1G Farben were transmitted
to new firms. Moreover, Cold War experience of Germany showed that chemical

companies occupied a place in the Western part of the Germany isolated from
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the Eastern part. Consequently, adaptation of the chemical companies to the new
world was not easy but integration to global market was chased by the German
firms (Schwarz 2010, 1306).

On the other hand, German chemical and dye firms had grown rapidly during the
beginning of twentieth century. However, in the first quarter of the century, the
economic conditions were not stable. Growth rates were low and sectors were not
supported by external factors like education system, government supports etc.
1G Farben benefited from German education system and knowledge that resided
in both industry and university. Many innovations, inventions and technical
developments were promoted by science-based companies. On the other hand,
political conditions in Germany, competitiveness with Britain and American
companies (tariff and barriers), hyperinflation - world economic depression in
1929, and two World War predominantly determined success and failure of the
companies among other competitor countries (Lesch 2000, 9; Marsch 1994, 59).
Activities of 1G Farben, specifically in Buna plant, was investigated and concluded

in Nuremberg, at the 1G Farben Trials between 1947 and 1948 (Hayes 1987, 377).

6.4 DuPont: A Science Driven Company

It is clear that DuPont was established as an explosive producer company in 1802.
The foundation of the company was not planned as a pure-chemical producer but
as a prior dynamite producer (Kinnane 2002). Moreover, it was a family-business
(for more information about the history of company see Chapter 2). Until the end of
the nineteenth century, the company had carried its business in the line of old
fashioned dynamite and black powder production. There is no doubt that many
technical developments and inventions happened in the first phase of the company

but the real transformation came in the second phase after 1900.

DuPont transformed its organization and research activities in the beginning of
twentieth century. Transformation occurred as a result of two important events in
the company. The first was a change in management when three cousins (Coleman,
Pierre and Alfred) took important positions in the company. The second is the
establishment of Eastern Laboratory (by Eastern Dynamite Laboratory subsidiary
of DuPont) to conduct systematic invention process (Kinnane 2002). Haber
describes the position of DuPont as “[DuPont] ... activities and success have often been
described, and with added embellishments have become part of the folklore of American
free enterprise. But the firm’s development also had its less glamorous side and what

is remarkable, perhaps even exceptional, in the routine of its policy is the consistency
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with which the long-term objectives pursued. These objectives were in the first place to
lessen the dependence on the explosives...” (1971, 312). Similarly, transformation of the
company is defined by Salsbury and Chandler as “[establishment of experimental
station] in the long run, the most significant thing it market the institutionalizing of
technical research and development for the DuPont.” (1971, 142). Moreover, Hounshell
and Smith added that “in the early 1900s, however, that promising future would seem
all too distant as the cousins struggled to turn the enterprise into a more profitable,
more controlled business.” (1988, 16). The literature show that DuPont company had
entered the new phase by consolidating its business activities and establishment of

development (research) laboratories.

At that time, in the US, research was organized as individual initiatives - a period
referred as “era of heroic invention”. The main purpose of this definition was to
underline how “one man” inventor could come up with a solution in accordance
with economic needs and requirements (R. C. Epstein 1926, 238). On the other hand,
systematic research was also supported by the companies widely at the beginning
of twentieth century. Bell and General Electric laboratories are proper illustrations
for the kind of controlled and deliberate organization of research activities (Reich
1985). At this point, DuPont’s research activities are analysed in three subtitles in
this chapter: Organizing research between 1902 and 1921; Reanimation of Research

organization 1922 and 1939 and conducting research during the World War 11.

6.4.3 Organizing Research Between 1902 - 1921

There were two important laboratories conducting research activities of the
Company at the beginning of 1900s: The Eastern Lab and the Experimental Lab.
The Eastern Laboratory was a subsidiary company of DuPont (Eastern Dynamite
Company) and head of the Lab was Charles Lee Reese (1862-1940), a chemist who
held a PhD from Heidelberg, Germany. The main purpose of the Laboratory was:

1. Examining new explosives,

2. Cooperation with other explosive industries,

3. Improving processes, techniques and products,

4. Training young chemists so to employ them in the company’s laboratories

as technical assistant in the future (Hounshell and Smith 1988, 19).

The laboratory employed 11 chemists in 1902. Those people worked on two
important technical solutions for the industry: dynamite, which works at very low

temperatures and an efficiency process which is extracting and excluding nitro-
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glycerine from waste acids. The first one was named as “artic powder” which was
one of the foremost inventions which was made under controlled research of the
lab. The second was patented as a process by the Lab in 1905 (Reese 1905). Activities
of the Eastern laboratory were mostly related to perfection of powder business.
Therefore, standardization of chemicals and several improvements were made in
the Laboratory. Main concerns were avoiding duplication of other labs and contents
of research. Avoiding duplication created an efficient way to make research and
provided more specialization and flexibility in terms of selecting research issues.
Structure of organization and management of the Eastern Laboratory is thoroughly

discussed in Chapter 4 of this dissertation.

Under management of Coleman, Executive Committee decided that new type of
“experimental”laboratory was needed to expand productlines when possiblyjoining
the new markets. By 1903, the General Experimental Laboratory was founded by the
decision of the Executive Committee. Important purpose of the Experimental Lab
was to develop new safe, usable and technological powders and its intermediates.
In the beginning of the 1900s, DuPont’s main customer was the government.
Therefore, DuPont mainly developed powder and related products. According to
this fact, Arthur J. Moxam (1854-1931), the head of Competition, Development
and Experimental Works, approved designing joint research programmes with the
Bethlehem Steel Company. The main expectation from this relationship was to
improve quality of product in ballistic work (Hounshell and Smith 1988, 31-32). As
Lab’s report indicated the main role of the lab was:

5. Routine analysis of the chemicals,

6. Product improvements and development,
7. Developing method for cotton purification,
8

Inspecting and investigating of other competitors’ powder (German and
French types),

9. Manufacturing of colourless smoke powder (Ibid. 1988, 35).

The laboratories composed of seven research staffs. Four of them were educated
chemist, one director (Francis I. du Pont) and the remaining two were “independent
inventors”. ). N. Wingett (Called as Wizard) had no academic “title”; however, among
the others had the highest monthly salary (300 dollars in the price of 1903 also
65,000 dollars in cash for patent applications.) (Ibid. 1988, 37). Between 1904 and
1911, the two laboratories continued their activities encouraging applied science

for production. The research potential of the labs was used to solve problems
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in the production stage of powders. Before the War, the main demand for the
products was still coming from the government. Hence, DuPont tried to solve
several technical problems like the dynamites’ freezing at low temperatures and
the inefficient process while producing dynamites. As a result of research activities,
DuPont found several valuable explosives such as trinitrotoluene (TNT) which was

stemmed from previous German research on Lydol (Ibid. 1988, 52).

The Eastern Lab. served as a quick response place in mainstream business line:
explosives, powders etc. On the other hand, the Experimental Station satisfied
different demands from customers like special explosives etc. Both Labs conducted
research while evolving the activities to the new line in which systematic research
and development occurred. In so far, Figure 25 provides information about the
company’s expenditures and net earnings between 1906 and 1911 presented in
nominal prices of related years. According to the figure, net earnings relatively
decreased; however, R&D expenditures increased which shows how the R&D
activities became central in DuPont. Within a decade in the 1900s the R&D
expenditures as a ratio to net earnings increased about 3 folds from a band of 2-3%
to a band of 8-9%.

Total R&D Expenditures (in thousands) Net Earnings (in thousands)

0 50 100 150 200 250 300 350 0 1000 2000 3000 4000 5000 6000

Figure 25: Research and Development Expenditures and Net Earnings (in thou-
sands)

Source: Data from (Hounshell and Smith 1988, 12, 14)
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After 1911, DuPont made a fateful decision about research organization and parallel
to that, about products diversity. The decision was made by Pierre du Pont who
changed the organization of research and development activities according to the
Company’s future needs. The change started with utilizing production process
and plants’ working to adapt new production areas like organic chemistry and
dyes. Apart from explosive business DuPont planned to enter new markets with
the development sense of “high-risk and high-reward” (1bid. 1988, 66). Those areas
were artificial silk, artificial leathers, dyes and its intermediates for end users. Two
important events lead to this change. The first was the War effect. As a natural
result of the War, trade relationship with Germany was negatively affected.
Understandably, import activities were cut which provided new opportunities
for the company. The second was the rising demand in customer products (shoes
etc.) with the consequence of increasing demand in natural rubber. Especially this
second reason led the company to enter artificial rubber business which resulted
in the decision of the Executive Committee purchasing Fabrikoid for 1,2 million
dollars (Ibid. 1988, 68). Following, largest celluloid producer of the Unites States,
Arlington Company was also purchased by the Executive Committee for 8 million
dollars to benefit from its knowledge and enter new markets besides producing

nitrocellulose (Ibid. 1988, 72-73).

During the War, British and German position was an important determinant of
the developments in the US’ dye market. Especially, the blockage of Britain was a
main obstacle for transportation of German exports to the market. It was one of
the factors why DuPont became concerned about dye manufacturing. Reasons of

this event are summarized below:

1. The US-German trade was cut by Britain Naval. No more dye import was
possible.

2. Powder demand was rising in the US (dye and powder manufacturing

depended on diphenylamine)

3. Other intermediates supplied by Germany to produce dye were not
reachable (H. S. Freeman and Mock 2013, 477).

As a result of the blockage, DuPont needed to develop its own business in dye
manufacturing at the national scale. After 1911, with its research experience,
DuPont directed its attention on establishing new plants where intermediates
for dye-making process and explosives produced. According to the Executive

Committee’s plan, economic shortage caused by the War and sterilizing the market
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from competition was a chance to produce in more diverse areas which were
organic chemicals (oils, paints, dyes, varnishes), acids, artificial silk and rubbers,
celluloid etc. (Hounshell and Smith 1988, 77). DuPont continued this business until
1921. Moreover, three key facts were vital to understand the difficulties faced during
the process of entering in to new business. The first fact was German science and
experience in dye-making. Germany had entered the business in the middle of
1850s. Bayer’s and BASF’s efforts were the beginnings of gaining experience in both
scientific and applied fields. They endlessly invented and developed new processes
and products (example of Alizarin, Indigo and Azo dyes) (Birren and Riffe 1980). By
1920s, they had 9oo types of dye (Verg, Plumpe, and Schultheis 1988). Moreover,
Germans discovered the advantages of “research laboratories”. As early as 189,
Henry E. Armstrong, chemist and member of the Royal Society, visited the research
laboratory of Bayer in Elberfeld and he reported that 78 chemists worked in dye
development. 56 of them had PhD degree (1893, 30). In summary, Germany had
great knowledge and know-how about dye-making processes. The second fact was
a persistent demand for German dyes in the US. DuPont already invested about
11 million dollars for research, development and workers in dye manufacturing
business in 1919 (Hounshell and Smith 1988, 74). In addition to this, DuPont tried
to duplicate German dyes in two ways: making more research and industrial theft.
Between 1911 and 1921, DuPont made more research on developing dyes. Though its
first products were far worse than the quality of Germans’ dye DuPont still worked
for becoming successful in the market. On the other hand, DuPont convinced
people to involve in industrial theft. Bayer’s old workers, a group of chemist who
were Dr. Joseph Hachslander, Heinrich Jordan, Otto Runge, and Max Engelmann,
agreed with DuPont to steal “valuable information for dye-making” on behalf
of DuPont (DuPont rejected this accusation) (Colby 2014, 185). Those attempts
showed that dye-making business was underestimated by DuPont’s Executive
Committee. Making a dye was more complicated work than they thought. The
last fact was the status of the market aftermath of the war. Between two wars,
Germany dominated the US’ dye market again. Because of this, DuPont started to
lobby against German dyes around 1920s. Furthermore, in 1922, the 29" president
of the US, Warren Harding, signed a new tariff (known as the Fordney-McCumber
Tariff) for regulating the market especially in terms of chemicals. As a result of
the tariff, German products’ prices increased (Berglund 1923, 21). When compared
to other regulations on chemical trade, the Fordney-McCumber Tariff was fairly a

heavy one. Table 2 summarized the tariffs on dye intermediates below:
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Table 22: Comparison of the Tariffs in the USA

Products Act of 1909 Act of 1913 Act of 1922

Coal-tar products 7c¢. per pound plus 55
. . Free to 20 per cent | Free to 15 per cent
(intermediates) per cent (ad-valorem)

Coal-tar products 7c¢. per pound plus 60
. Free to 40 per cent | Free to 40 per cent
(finished) per cent (ad-valorem)

Source: (Berglund 1923, 22).

IQIT - 1921 was an intensive period for the company in terms of new products line,
organizational change and research activities. Major developments were seen in
organic chemicals during this period. In addition to this, artificial rubber and silk
were important steps for future plans of the company. Diversification happened in
many fields inside the company. However, main determinants of the diversification
strategy were economic (shortage and competition) and political (demand from
the military). Chapter 4, shows the relationship of products and users in terms of
diversifying products. After the reorganization in 1914, the company benefited from
the research activities and always spent more money for dye research activities. On
the other hand, trend of R&D expenditure was affected by other factors easily like
management decisions, production policy etc. Summary of research expenditure
that support the argument was shown in Figure 7 below. According to Figure 7, total
R&D expenditure increased 775% from 1911 to 1919. This trend was exponential and
continued till the end of World War 1. After the War, R&D expenditure decreased
about 50%. There were many explanations for the decline. The main reason is
of course the economic conditions of the USA after World War 1 and before the

economic crisis of the late 1920s.
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Figure 26: Research and Development Expenditures Selected Labs (in thousands)
Source: Data from (Hounshell and Smith 1988, 62)

6.4.4 More Science and More Research: DuPont from 1922 to 1945

DuPont, after the diversification process, made significant decisions about the future of
the company. Old business was not that important anymore. New business lines, namely
organic chemistry, artificial silk and polymer workings promised new opportunities that
enabled more innovation. The turning point, in this sense, was entering new industries
with the help of research. In 1920s, DuPont went into a new lacquer and finishing products
business. This attempt resulted in two important inventions: Duco and Dulux (Hounshell
and Smith 1988, 144). At the beginning of the business, development process was done
according to the needs of the automobile industry. GM motors and Cadillac needed a solu-
tion for the problem that was related to extreme temperature conditions. Cars’ interior
and paint of the body shell was negatively affected from extreme heat conditions. Duco
finishes were developed to eliminate this problem. Cadillac’s head quoted that “... bad en-
gine or other mechanical fault in a car which would do less damage, from advertising stand-
point, that poor paint.” (Ibid. 1988, 142). Problem oriented solution returned to DuPont by
selling 14 million dollars of Duco in 1928 (Ibid. 1988, 143).

In 1931, Dyestuff Department changed its name as Organic Chemicals Department
(Orchem), which was directed by Elmer K. Bolton. He graduated from Harvard
as an organic chemist and had a distinguished career in organic chemistry. His
mentor was Nobel Laureate, Richard Willstdtter who worked on organic chemistry
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and coloration of flowers in The Kaiser Wilhelm Institute (Johnson 2017). Orchem’s

expenditures for research are represented in Figure 27 below.
3000

2500

2000 2132
1812
1759
1500 1621
1286
o - 1055
815 858
500
0
1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941

Figure 27: Organic Chemical Department Research Expenditures (in thousand
dollars)
Source: Data from (Hounshell and Smith 1988, 289).

Research of Orchem showed exclusive privilegesamongother laboratories. After the
Chemical Department (1,182,000 dollars), Orchem had the second largest budget in
1931. With the help of research opportunities and management of Bolton, Orchem
fostered three important and profitable innovations: Tetraethyllead (TEL) (did
not discover but found a new process), Freon and Fluorocarbon (did not discover
but found a new process), and lastly Teflon (invented in 1938, patented in 1941 on
behalf of Roy J. Plunkett). Freon business was used in refrigerator maintenance
and production and with the assistance of General Motors, it was also applied to
automobile industry. TEL was commercialized for automobile industry too. Lastly,
Teflon was patented in 1941 and the product was a “great discovery”. There were
two important facts about Teflon: it was a highly profitable product; it created new

research areas such as polymer-based technologies in 1945 (Hounshell and Smith
1988, chap. 21 p. 477).

Orchem’s successful inventions and developments were also duplicated by the
Rayon Department. The department was established in 1936. Rayon fibre was based
on French technological advances, early on, when DuPont made a joint venture

agreement with French Rayon Company in 1920s (Casson 2012, 198). Therefore,

70 (Plunkett 1941).
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DuPont had already been interested in artificial silk and fibres since the 1920s.
As Fin Sparre said artificial silk business was a great opportunity to make more
money in the future of DuPont (Hounshell and Smith 1988, 162). Rayon business
grew continuously after the Post War conditions due to rising “fashion” in textile
industry. New fashion trend rapidly rose in America around 1920s. The advertising
of the “new clothes” supported this change thanks to obtaining more “glossy”
silk (David 2015, 203-4). Glossy and cheaper clothes attracted more men and
women who wanted to dress like “Victorian Style” in textile (Johnston 1924, 10).
Johnston, in his article at Du Pont Magazine, added that Rayon consumption rose
exponentially from 1912 to 1923. In 1923, nearly 40 million pounds were consumed
(1924, 11). Moreover, the Department, as a result of artificial silk, continued to
invest in research activities. Figure 9 shows the research expenditure history of the
department.
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Figure 28: The Rayon Department Research Expenditures (in thousand dollars)
Source: Data from (Hounshell and Smith 1988, 289).

Apart from artificial silk, The Rayon Department had two significant innovations
in the 1930s, which gained very important market success. Also, they created new
organizational systems and changed the sense of research of the company. This
means that DuPont not only benefited from mere research experience but also

research enabled new opportunities for further research and innovation.

The first distinguishing innovation was making Cordura (introduced in 1934),
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which was widely consumed by producers and customers. There were numerous
areas of use: textile (helmet, shoes, pants), automobile industry (tires), military
(protection guards) etc. Consequently, DuPont developed new strategy for Cordura
which involved making a tire that was based on Cordura yarn. Because of patent
issues, Goodyear developed the yarn and its properties for making a tire (Hounshell
and Smith 1988, 169). Consequently, DuPont sold 9 million pounds of yarn related
to tire business. It is important to note that tire business evolved to replace natural
rubber into new artificial one that is based on Cordura. During World War 11, this
business hastened by further research of DuPont. After all, the problem of the
Cordura can be defined as a patenting problem. Moreover, DuPont patented it for
protecting and gaining future reward. British patent system was not permitting
a kind of action for DuPont; as a result of this, there were different rules in USA

patent and Britain patent systems (Ibid. 1988, 168).

The last but not least Cellophane was an important innovation of its own. Du
Pont Magazine’s, December 1924, issue introduced Cellophane as “.. it may be said
that a well-groomed, attractive package “makes” the product it contains, at least so far
as saleability is concerned. With packages, as with persons, a good appearance counts.
Quality merchandise clothed in a distinctive Cellophane wrap looks the part.” (Johnston
1924, 10). Cellophane was a chemical product, which had similar properties with
Cordura. Cellophane was patented and produced by Jacques Edwin Brandenberger in
Switzerland (Brandenberger 1917). DuPont made an agreement to obtain know-how
and reach to licence of Brandenberger under the control of Fin Sparre (Hounshell
and Smith 1988, 171). This deal paved the way for a successful production strategy.
In this story, there were two essential elements. Cellophane business was developed
with advertising and with the cooperation of sales and development departments.
Advertising had a vital role to sell more products. Especially, in the food industry,
Cellophane was introduced as a remedy for qualiy loss due to poor packing. Thanks
to Cellophane, the hygiene problem is by and large solved and moreover consumers
can see what is in the package as cellophane wraps were transparent. At its advertising
poster, DuPont highlighted this feature of Cellophane as “Meat’s at Its Best in
Cellophane: Cleaner and Fresher” (E.1. du Pont de Nemours & Company 1956). Other

element was related to organizational change, which will be analysed in Chapter s.

Cellophane strategy seemed successful when one compares investment and returns.
Summary of total investments and returns are shown in Figure 10 and Figure 11
below. After the crisis DuPont invested 11,2 million dollars in 1930 in this business.

This number exponentially increased until the war. Returns on investment for the
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same year was 39,9 per cent. Returns on investments were high at the beginning but
afterward it gradually decreased. Over the period of about 15 years average return
on investment was 35,6 per cent which made Cellophane business very profitable in

terms of the returns (Stocking and Mueller 1955, 62).

Figure 29: Total Investments on Cellophane (in million dollars)
Source: Data from (Stocking and Mueller 1955, 62).

356

Figure 30: Returns on Cellophane Investment (per cent)
Source: Data from (Stocking and Mueller 1955, 62).
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Rayon Department’s success continued in 1950s. The major improvements and
innovation stimulated military technologies (helmet, tire, adhesive, nylon) until
the War. As mentioned before, in 1926, the Company faced new difficulties such
as the debate on applied-fundamental research and new type of organization
in research, which promised more applied science with educated people like
engineers”. Although DuPont pioneered the emergence of a new type of chemistry
labelled as “chemical engineering”, the fundamental research debate continued
until the end of the war. Charles Stine, Chemical Department Director, proposed

four arguments for supporting fundamental research in the company:

1. Prestige in academy and industry was obtained by publishing
2. Interesting and unexpected findings provided by people

3. Scientific research and knowledge could be useful in knowledge exchange

(IG Farben agreement example)

4. DPure science promoted applied and practical applications within the
economy (Hounshell and Smith 1988, 223).

Asaresult of the debate, with slight differences, the Executive Committee continued
investing in the research program of Stine. By the way, other difficulties of the
Great Depression (1929) and World War 11 (1939 - 1945, the US entering the War
in 1941) were also making doing business hard in the economy. After the Global
Crisis in 1929, DuPont followed fundamental research policies in the Chemical
Department?. As a result of the efforts two remarkable discoveries emerged: Nylon
and Neoprene. These products were significant in terms of organization of research
and cooperation with other competitors?. First of all, both of the products were
developed in nine years and R&D costs were 4,3 and 2,5 million dollars respectively.
Both of them had military and civilian uses. Nylon was used in textile (stockings,
shoes, gloves, jackets) and many fields of everyday life (food, packaging etc.)
(Hermes 19906). On the other hand, Neoprene was used in heavy duty works like

tires, mechanical mechanisms etc. The development process of Nylon was carried

71 For the applied-fundamental science debate see (Hounshell and Smith 1988, chap. 12). Emerging
“chemical engineering” as a profession within the American universities see (Ibid. 1988, chap. 14).

72 Research programme of DuPont was changed from the ideas of Stine (fundamental) to Bolton
(applied) after the World War 11 (Hounshell and Smith 1988).

73 Cooperation with 1C1 was made to exchange patent and process especially in dyestuff business
in 1929. During the agreement, DuPont discovered Nylon (1934) and Neoprene (1930); on the other
hand, ICI discovered Polyethylene. Another agreement was made with 1G Farben in specifically
share licence and patents in 1938, despite “risk”. They did not take long time and cancelled in 1941
(Ibid. 1988, 2006).
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with a team which was directed by a pure scientist: Wallace Carothers’ (Hermes
1990). Carothers was a dedicated person and he wanted to make basic research.
Nylon works resulted in success thanks to many works and studies on polymer

chemistry (Hounshell and Smith 1988, 198).

Finally, DuPont’s research programme had been changed many times to improve
the company’s profit and reputation. Between 1941 and 19061, sales and R&D
expenditures have increased. Figure 12 shows this trend for each year. During and
just after the war R&D expenditures as a share of total sales was about 3-4%. In 20

years, it doubled reaching to about 7-8%.
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Figure 31: Sales and R&D Expenditure (million dollars)
Source: Data from (Hounshell and Smith 1988, 348).

DuPont’s achievement in research could be summarized in three titles:

«  DuPont was not only an intermediate or final product developer. It made
science as a “corporate strategy” for gaining profit. Because of this, Du-
Pont’s customers were supported by providing technical assistance, devel-
opment process, advertising and “how to use” the information. For exam-
ple, Cellophane was promoted by DuPont’s sales Department, which had
huge impact on the sales of cellophane.

+  The company had capacity and was capable to conduct research in any
fields of chemistry. Therefore, investment decisions for new areas were

strategic and carefully planned and executed.

74  Hekilled himself just after patent application for Nylon in a hotel room in 1937 (Ibid. 1988, 246).
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«  Cooperation especially with 1G Farben and 1CI was a great opportunity
to gain scientific knowledge. As known, this was not easy in the history
of company; on the other hand, valuable information gathered through

cooperation opened up new economic opportunities (example of Cello-
phane).

As a last word, DuPont’s research ability and culture was not the same with 1G
Farben. Especially in terms of basic science, at the beginning of twentieth century,
DuPont required German experience in both theoretical and applied sense. DuPont
handled the drawbacks in a successful way thanks to insistently following the
science and technology path. In order to summarize and clarify some points, Table

3 below compares two companies in terms of research activities.

Table 23: Comparison of Research in two Companies

1G Farben Du Pont

Science oriented and

s ) ) Market driven and science
Motivation Economic shortage in

oriented
resources

After Hitler’s Four-year

There was no significant

Intervention plan, research was ch ] ]
o intervention from
anged authorities
Collaboration With universities and With universities through
prominent science institutes recruitment policies

o Classical “risk-taker”
Scientist entrepreneur

Entrepreneurial types entrepreneur

Mostly fundamental Generally fundamental

research, also some applied | research but applied research
Funding

research became important

172



CHAPTER 7

CONCLUSION

7.1 Summary of the Dissertation

This part discusses the general results and findings of the dissertation. It contains
three main subparts: summary of the chapters, the answers to the research
questions and main policy implications of the dissertation. Moreover, in this final

section research limitation will be discussed.

Chapter two defines the methodology of the thesis. The investigation of the research
question of the dissertation is supported by primary and secondary data sources.
Working with the archival data and its processing are challenging tasks. Therefore,
in chapter 2, all steps are explained carefully. In this dissertation, the mixed method
comparative analysis is chosen to interpret the data. Within the broad comparison,
detailed data analysis involving network method is also used. After all, rareness of

the archival data and scope of the work created some limitations.

Chapter 3 of the dissertation is a comparison chapter of two countries. The main
aim of the chapter is to explain Germany’s and the USA’s economic story and
highlight context-specific reasons behind their economic development success.
Basically, the research question of the dissertation is based on the comparison of
two firms in two different countries. Thus, it is important to know at least the
main issues regarding the context that these firms had flourished and developed in.
Looking at the economic history in brief is fruitful in this respect. The main factors
that, by and large, determine economic conditions of the two countries is analysed

under four titles:

1. Economic shortages in resources

2. Competition and variety of market
3. Science background
4

Demand conditions: market-driven research and demand-side of the

researches
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These four items stand out in the comparison of the economic history of Germany
and the USA. In order to clarify these items further explanations will be provided.
First of all, each country had a different economic development path. USA had
own rich resources, which created an endless market for industrial production.
But first, transportation and communication infrastructure were developed to
support industrial production and market formation in various sectors. As a result
of this, many fields emerged in the industry like chemistry, pharmacy, metal works,
transportation, and mining etc. Thus, the USA’s economic development was
shaped by rich resources accompanied by solid infrastructure. On the other hand,
Germany had been short of resources since the foundation of the Prussian Empire.
Asitis known, Germany entered two world wars because of economic issues, which
created a further economic strain in Germany. Thus, many sectors like chemistry
were established as an economic remedy to problems such as energy and food
shortages. Secondly, European market was competitive. In the chemical sector
the British, Swedish, French, and the Dutch had their own developed markets and
scientific research traditions that science-based sectors like chemistry could built
on. The USA’s market emerged later than Europe. Hence, they were consumer of
chemical products from the outside market at the beginning of the era. This is a
latecomer advantage that causes a difference between countries. Thirdly, science
traditions of the countries were different from each other. German science was
well established and mainly promoted fundamental science in institutes and
universities. “Science Mecca” metaphor had been used to show that German sense
of science was shaped by the real meaning of science; as a result, the root of the
chemistry and its derivations (chemical engineering, biochemistry) were already
founded in this country. The USA had its own unique tradition. Strong education
and science institutions were supported by the market structure. Therefore, USA
created its unique science traditions. Main difference between the two countries
was the science-industry relationships. In the USA, science was promoted by the
industry in many aspects. Germany was not flexible in that sense, compared to
USA. Science was a good guide for the development; however, it was not (or should
not be) corrupted by the market itself. German firms (especially in chemistry),
developed a new concept that can be called as the “scientist-entrepreneur”. It was
a little different from “capitalistic entrepreneurs”. The main difference was that
scientist-entrepreneurs took top management positions from the beginning till
the end. Fourthly, market structures of the countries differed in terms of demand
conditions. The USA market structure was mainly shaped by more production

and more consumption perhaps because of the size of the country and the rapid
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population growth. Consequently, marketing and incremental innovations played
vital role both to satisfy demand and for demand to signal innovative activities.
Du Pont’s market strategy could be a good example of this. In Chapter 4, the
network of users and products clearly show that Nylon, Teflon, and Cordura were
introduced to market for both end-users and suppliers as industrial input. On the
other hand, only a portion of Germany’s production, like pharmacy and photo
products, was for end-users; the main production line was shaped by the industry.
As known from literature, Germany was a main producer in dye and mostly organic
chemicals (Haber 1958). Its business line was different from Du Pont. The difference
is important to understand innovation strategies of the firms. While 1G Farben
produced raw materials for mostly industry, Du Pont continued producing heavily
end-user products. This difference created a different organizational and research
structure in the companies as discussed in Chapters 5 and 6. For example, Du Pont’s
Nylon product was developed for finding a solution for nylon related materials like
textile, packaging, and food etc. On the other hand, 1G Farben was mainly engaged

inorganic chemicals like synthetic fuel, acids, gases, and intermediates.

Chapter four compares 1G Farben and Du Pont on the basis of our important
topics: external factors (Hitler and government intervention), science heritage
(education system or national system of science), organizational attitude (as a result
of managerial and cultural differences), and research practices (more industrial
research and more cooperation between industry and university). Firstly, external
factors were vital in shaping two companies. For example, Nazi’s synthetic fuel
demand forced 1G Farben to concentrate all research activities on this specific
topic. Sense of research was affected by the authorities in the case of Germany,
which means that there was no “economically free” environment especially after
the 1930s. On the other hand, Du Pont had always a close relationship with the
government. As a result of this, research policy of the company was affected by the
US government. For example, dynamite and black powder research was conducted
as a result of government demand. Secondly, as mentioned above, science heritage
was a distinctive difference between 1G Farben and Du Pont. 1G Farben had benefited
from German science and university system to a great extent. For example,
invention of the new materials, molecules, and synthesis processes were already
common developments in Germany from the beginning of eighteenth century. In
the USA, education system and science were supported by institutions that were
market oriented as well as the government. Therefore, although German science
was heavily based on pure and fundamental characteristics, American science

was based more on the applied elements (for instance development of chemical
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engineering versus chemistry departments) to promote economic development.
Third, the organizational structures of the firms were naturally different from
each other. 1G was more controlled by the government and had a more centralized
organization. Instead, the USA endorsed more flexible research and management
systems, which is reflected in firms that flourish in the USA like Du Pont. Finally,
research sense was affected by each other (1G and Du Pont). German system mainly
supported pure or basic research. Labs and research centers served to realize
innovation in the field so to say in a more linear fashion going from theoretical to
applied science. Du Pont focused on “pure and practical” research; however, the
importance of market driven production and research was what made Du Pont
different from 1G Farben.

The fifth and sixth chapters are specific analyses chapters, which are designed
to conduct research and support the findings that come from the investigation.
The fifth chapter is related to the organizational issues. The main results of the
analyses can be summarized as follows. Both companies benefited from the central
management structure in certain times. In terms of management of research
activities, 1G Farben was directly connected to top management, while Du Pont was
relatively free. 1G Farben’s management structure mainly fitted in the “scientific
management” rules of Fayol. Du Pont was relatively free and flexible. Recruitment
policies were the same for both companies. According to these policies, highly
qualified, and highly educated persons were selected, trained and supported.
Moreover, administrative level was also comprised of educated people whom were
selected consciously and strategically to support the management. In addition,
the founder of the 1G Farben, Carl Bosch, created a new type of entrepreneurship:
scientist-entrepreneur. DuPont’s founders were not scientists; however, they were
supported by many prominent scientists like Antonie Lavoisier. Chapter 6 and this
last chapter analyse research policy differences between two companies in terms of
establishing research centres and conducting research. According to the chapter,
the main differences while conducting research were defined by the motivation of
the companies. In the USA case, market structure and economic resources enabled
make market driven scientific research. The Cellophane case is an example of
market driven scientific research. As a result of the research, both the company and
science benefited; the former in terms of profit and the latter in terms of creating
new fundamental or applied scientific research areas. The German case, naturally,
was different from the USA. Germans made pure and basic scientific research
that produced remedies for economic shortages (fuel, dye, acid, etc.). In addition,

German research did not focus on end-user products like (packaging products,
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socks etc.). Their research was more on big economic problems like providing raw
materials for dye industry and fertilizers for agricultural activities. Though these
problems were real and concrete, their solutions involved a great deal of blue-sky
research. Another important difference between the cases was the implications
of the interventionism. German research was mostly overshadowed by Hitler’s
control over the company. The USA had a relatively free environment for science
and research to develop. Last but not least, collaboration was important for both
of the cases. The companies benefitted generously from the network of educated

people and their scientific knowledge.

7.2 Main Findings and Answers to the Research Question

In this part, general conclusions and results of the dissertation are discussed. First
of all, this dissertation is based on a simple research question: why did research and
innovation activities differ in two different contexts and companies between 1925

and 1945? The main findings will be provided in three main topics.

First of all, the 1G Farben case shows that acquisitions and mergers enabled to reach
a variety of knowledge types like producer knowledge, capabilities etc. This type of
a business strategy leads to a new type of corporation. In the literature, “global”
companies have been discussed in terms of their engagement in knowledge flows
and successful integration to other important economic actors or companies to
gain efficiency in production. At this point, recent studies have been interested
in the importance of (global) value chains (Grosse 2015; Morrison, Pietrobelli,
and Rabellotti 2008; C. Pietrobelli and Saliola 2008; Carlo Pietrobelli 2008; Carlo
Pietrobelli and Rabellotti 2011). In simple words, value chains can be defined as
efficient bridges between firms, which bring economic benefits to all firms in the
chain and to the rest through spillovers. Porter states that value chain is a process
that benefited from all steps of products delivered to market. Basically, IG Farben
case had a value chain relationship in terms of marketing. However, 1G Farben
also fitted the literature of global value chains. According to the theory, complex
productions systems need new markets and consumers around the world to produce
at scale to gain efficiency. Moreover, innovative performance and innovative
strategies of local firms help to compete at the global level (Porter 2011). 1G Farben’s
foundation aim was parallel with this argument. Global level competition promoted
innovation in the chemical industry. 1G Farben made a business strategy to obtain
competitive advantage and benefited from global value chains. The complicated

research management structure and innovative production, and also the existence
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of an important rival from the USA supported this new type of strategy of forming
a value chain. Thus, the forming of 1G is a primitive strategy for creating a global
value chain. As a result of this strategy, 1G Farben benefited from global chemical
clusters (USA, Britain etc.) in terms of knowledge, codified information exchange,
and cooperation in product development process to recruit some experts who
flew from Nazi authority. A similar approach was observed in the Du Pont case.
The vast merger and acquisition activities and cooperation with the other giants
(1G Farben, ICI) brought a new type of strategy that affected the development and
innovation strategies of DuPont. The major difference is that, in the case of IG, the
coordination was deliberately pushed by the government so to say that German
government created the 1G. However, the merger and acquisition decision of Du

Pont was a pure business strategy.

Another significant finding is related to market creation. According to recent
studies, capabilities, creativity, and knowledge have important roles for market
creation at the firm level (Tollin and Cartt 2008). Additionally, government has a
greater role in creating a new competitive market according to Mazzucato (2011)
in the sense that governments can take an active entrepreneurial role in actually
creating the market. Biotechnology and advances in ICT rely heavily on government
research; hence, government can create new markets, support them in their infancy
and move to a regulator role when private initiatives take risk and invest. At this
point, Du Pont case differed from 1G Farben. While a significant portion of Du Pont
research served to government demand in 1900s, government, also, did military
research before the World War 11. Many innovations that were developed in that
time by both the US government independently and Du Pont privately, turned
into consumer products. For example, Teflon and Cordura are used to make strong
materials and textile products. The US government and Du Pont leaded this type of
an entrepreneurship in a collaborative fashion. This means, Du Pont’s research and
government research in chemical industry was a kind of new market creation in
terms of introducing radical innovations to the market. For instance, Cellophane
case indicated how Du Pont created a new necessity for American retail sectors. A

new type of packaging opened up a new type of marketing and business line.

Additionally, emergence of a new sector or sector formation phenomena can be seen
in both cases. 1G Farben and Du Pont create their domestic market at the beginning.
They developed capabilities to do successful research. Companies affected market
formation in two ways. First was through benefiting from clustering advantage.

In the 1G Farben case, this was obvious. For instance, Offenbach chemical cluster
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served to firms’ knowledge, expertise, and experienced knowledge. This economic
experience is not very much different form todays Silicon Valley experience. After
decades, in the USA, Silicon Valley was upraised with the assistance of proper
economic conditions and economic capability of the country. As a result, new
sectors like software, computer hardware, nano-tech production have flourished
in the economy. Similar observations can be made in our cases. 1G Farben and Du
Pont had created sectors that affected cross-sectoral relationships. For instance,
as a result of development in the chemical sector, a new product was found in the
textile sector. Moreover, in the 1900s, emergence of the new chemical sector was
supported by private and public initiatives; however, the emergence process was
heavily dependent on “spontaneous human actions” and “evolutionary” dynamics.
It was created by as a result of humans’ actions unconsciously, like cluster of
Silicon Valley. At this point, emergence or spontaneous actions can be understood
in the level of interventionism history of the countries. For example, economic
history of modern China indicates more interventionist economic development
which ignores spontaneous system mostly; on the other hand, American system
and its institutions have benefited from and have supported spontaneous
market formation. German case is totally fragmentary. Until the Nazi Period, it
was not wrong to say that extractive and interventionist character shaped the
economy. However, before this specific period, German scientific and economic
tradition have evolved from the oldest day to modern times in historically. After
all, as Acemoglu and Robinson argue democratic history can lead to sustainable
innovative economic development as a result of developing and carrying inclusive

institutions (Acemoglu and Robinson 2012).

Specifically, I find two factors important in answering the research question of
the dissertation, which are mainly related to research policies and organizational
structures. In two cases, reasons of the main differences that affects innovation
capacity of the companies can be explained under these factors. In literature
review, we see that research agendas of the countries, more or less, have a similar
path. It means that science-based development and gaining competitive advantage
at the global level were desired both by the USA and Germany. The general theory
of innovation asserts that research expenditure can promote innovation. However,
both in 1G Farben and Du Pont cases, research organization and firm organization,
though differently, stand out as two important factors that determine innovation
success. The simple and clear answer to the research question is; a proper setup
for conducting basic and applied research that is supported by a strong heritage and

creating an organizational structure that promotes scientific activities and creates new
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opportunities for the market, could lead to successful but different innovation paths.

In summary, there are three important findings: role of the government, firm
strategies in acting on global field, and sense of management. The first one can
be observed in two ways: monopolized power on all activities of the companies
and demand effects on research agendas. In IG Farben, government’s role was
transformed from a pro-active policy setup that involved mechanisms like tax
incentives, education promotion, and procurement (coal and fuel research) in to
a more centralized and autocratic setup in which decision-making process was
dominated by the head of the power (the government) without any consent and
freedom. 1G Farben carried out its research and development activities according
to economic necessities or economic shortages (agricultural necessities or energy
problem). On the other hand, Du Pont’s experience was different from the 1G Farben
in terms of non-strict and constructive character of the government, which resulted
in pursuing a more flexible research programme. Following the evolutionary path
of natural market actions was a distinctive factor in successful innovative activities
of Du Pont. In the literature, Mazzucato argues that role of government can be pro-
active to create a new sector or market. For example, in China, ICT and renewable
energy sector has been established and advanced by mostly government initiatives.
The argument could be useful to understand the early setting up of the chemical

sector in Germany and USA.

The second finding is related to firm strategies. Interventionism shaped, somehow,
the strategies of the companies. However, companies had their own global strategies
in order to engage in the global market and gain a leadership position in the sector.
This effort could be examined in both cases via analysing global partnership and
export, import data. As a result of this, 1G Farben started to integrate its business to
global market earlier than Du Pont. In terms of the literature, this can be blunt first
example of global value chains. To sum up, value chains have been used mostly by
1G Farben and to a certain extent by Du Pont to acquire knowledge, expertise and

competitive advantages.

The third finding that stands out is related to the management practices. As
Chandler puts it, Du Pont and 1G Farben had successful executive organizations
in terms of realizing profitable business with the help of science and technology.
The importance of managerial decisions showed itself in acquisition and joint
venture policies inside the companies. 1G Farben used acquisition as a corporate

strategy in order to gain competence and enter new markets; for instance, by
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establishing a joint venture with Dutch company, Shell, created an opportunity to
enter “fossil fuel” business. In a similar manner, Du Pont’s acquisition policy was
vital in acquiring new knowledge and expertise to obtain competitive advantage.
For example, in order to produce new fibers, films, Du Pont established the Rayon
Department via acquiring French rayon company, Comptoir des Textiles Artificiels

in 1919. This was a technology transfer from France to USA.

7.3 Main Implications of the Dissertation

This thesis shows the evolution of two chemical firms in two different settings. The
path for success differs and is greatly affected by context specific factors which are
already discussed in the main text and summarized in this chapter. Historical case
studies are good sources to reveal specific mechanisms for success; as such they can
serve as good learning tools. The findings of this thesis have several implications for
today’s policy-making process. It should not be forgotten that industrialization of
chemical sector had started in the beginning of the nineteenth century. Germans
and British were the first-movers in terms of establishing industrial production
facilities in the chemical sector. This is important to understand the leadership
of Germans, advantage of first-movers and advantages and disadvantages of late-
comers in development economics. According to the theory, first-mover advantage
causes radical innovations and enhances competitive position (Sarin 2010). Many
emerging countries had not benefited from such an advantage. However, lessons
from the historical cases can be drawn for countries that want to develop their
chemical sectors and products. From the detailed investigation of the cases essential

steps for establishing chemical sectors emerge as:

1. Supporting basic science in education: In both cases, countries and even
firms had unique education systems. Such an effort improved the

capability of the country and specifically the capabilities of the companies.

2. Role of government should be proactive: Each country should be assessed
in their specific timeline to understand the role of government. Before
the Nazi period, 1925 - 1933, 1G Farben was relatively free to choose its
research agenda and economic preferences like investing in new organic
chemicals etc. In that period, German government promoted chemical
research and chemistry education at the sector level. Offenbach region
and Upper Rhine region raised as important chemical clusters as a result
of this policies. The role of the state could be labelled as pro-active due to

the fact that Germany, from the empire period, systematically promoted
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basic science and industry relationship. During the Nazi period, more
controlled and more monopolized interventions was observed, implying
that main research decisions were made by the authority. On the other
hand, Du Pont’s relations with the government was on a different track.
In this case, role of the government can be defined as proactive, but it was
rather an enabler one. The USA, in the macro sense, supported industrial
relations with science and set up a solid ecosystem for innovation.

In such an environment, interventionist policies worked better. The
government was not directly involved in affecting strategic decisions

but rather played a pro-active enabler role, for instance, by creating and
supporting education institutions. Thus, minor interventions (like reform
in engineering education) could affect all the ecosystem. In addition,
government procurement, especially demand from the military, was an
important factor that affected strategy of Du Pont, which in turn affected
its research agenda. This type of a mutual relationship could be seen

as an intervention with benefits or an evolutionary process of natural

interaction.

Building capabilities: In each case, companies adopt to changing
environments introducing organizational, product and process
innovations. Entering the dye production business is an example for Du
Pont. Capabilities can adapt to a new environment that is created by the
state itself. For instance, between 1925 and 1945, Germany create a new
need. Synthetic fuel was requested by the military; therefore, 1G Farben
had to adapt its capabilities to the new changing demand environment.
Du Pont’s story touches many similar cases. For example, powder demand
from the domestic market forced Du Pont to do more research and
involve in innovative activities in the field. This simple decision created
capabilities, that later Du Pont used to enter other product lines. Indirect
intervention, such as procurements, can lead innovation capabilities to

build, with the assistance of strong and inclusive institutions.

Creating strong institutions: Patent law, competition law and other
unwritten rules and habits should serve to establish a good business
environment that facilitates business growth. This type of an environment
was observed in both countries. At this point, strong institutions mean
that institutions of the country must be inclusive to foster innovation and
technological change in a sustainable way. On the other hand, according

to Acemoglu and Robinson, extractive institutions emerged as a result of
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centralized power and strong authorities (Acemoglu and Robinson 2012).
For example, China have benefited from those institutions while fostering
economic growth. In our case, Nazi era used centralized and monopolized
power to achieve economic growth. To sum up, strong institutions must
be “inclusive” to enable sustainable innovation performance like in our

case: Du Pont and 1G Farben.

5. Promoting local clustering and industrial agglomerations: In the foundation
of the sector, local level support was important in both cases. For example,
Germany promoted Offenbach chemical clusters in order to produce
economic necessities. A similar development was observed in Delaware
powder cluster. In each case, local advantages of the chemical clusters
were exploited via creating factories in the neighborhood, to benefit from
learning and competition in the region. Therefore, once clusters emerge
and start to pull production, talents and knowledge authorities can lead to
make specific promotions to support clusters. In both cases, those regions
were promoted by the government. For example, Offenbach region was
exempt from general taxes until environmental problems emerged (Rhine
river polluted by the chemical firms). In addition, Du Pont benefited local
tax discounts and cuts (Colby 2014, 15).

7.4 State Policy Discussion

Inthistitle, state policy differences and similarities are discussed to make a consistent
analysis in conclusion chapter. Before doing this, it should not be forgotten that each
country has a unique path in their history. For Germany case, until Hitler rule, there
was a government that was involved in science policies actively. Afterwards, Hitler
changed the whole story and made development plans to serve Germany’s future
interests. According to this process, Hitler initiated “compulsory” production for his
war machines and determined a new way to make science. This way contained many
obstacles in terms of science and technology policies. One important obstacle was
that, science and technology agenda was entirely determined by Hitler government
and all cooperation and collaborations with outside were restricted. On the other
hand, the USA benefited from government-controlled science and technology, even
economy policies. Tax advantages and public procurements, sector based scientific
grants were tools to support science and technology inside. Table 25 provided below

shows the differences and similarities between two countries.
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Table 24: Comparison of State Science and Technology Policies

Germany - 1G Farben

The USA - Du Pont

Firms, Government,

Universities, Foreign

Firms, Government,
Universities, NGOs,

Actors cooperations and Research Individual Foreign
Centers (Munich Science | cooperations and Research
Ins. etc) Centers
. Public procurement
Public procurement
. o Tax incentive in firm-level
Tax incentive in clusters
N Barriers in trade for Europe
Scientific Grants P
. materials are related to
Privileges for clusters .
s T l science
upport Types -After Hitler- ..
f Scientific Grants and
Direct procurement . .
incentives
Contract (based on ifi
ontract (based on specific Contracts (based on firm-
needs like gas
gas) level)
Foreign collaboration was Collaboration between
. cutted by Hitler industry and university are
Collaboration
Discrimination of Jewish supported
scientists in research Foreign scientists are
entities welcomed
Before Hitler, public and
private funding
After Hitler, only Private and public funding
Funding

government supported

projects

Technological Grants

Practical technological
solutions (electricity, dye
etc.)
are supported by
government to gain

economic advantages
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According to Table 25, five dimensions are discussed below to understand the
differences and similarities. First of all, actors were the same for two countries’
ecosystems. Firms and government or state were the primary player in science
and technology policies. Distinctly, in the USA, individuals were supported for
their individual projects by state. Second dimension is support types. Generally, in
Germany, support types were the same with the USA until 1933. Public authorities
were buyers for both two corporations. Tax incentives were slightly different than
each other. In Germany, clusters, like Offenbach Dye and Chemistry clusters,
benefited tax cut or incentives generously. This story was a little bit different in the
USA. Firm-level incentives were common among firms. For example, Du Pont took
tax cut or incentives from state for doing business in gunpowder and explosives.
Also, some privileges for clusters were provided by federal managers in Germany
(like some specific environment taxes). In the USA, science and technology was
also supported by trade policies that involves barriers and tarrifs on raw materials
for chemistry industry, etc. After Hitler, procurments and direct contracts
changed. Hitler regime decided to support certain products that related to war
interest. On the other hand, the USA provided some direct contracts on demand
of dye, chemicals etc. in firm-level. Third important dimension is collaboration.
In Germany, before Hitler, collaboration with foreign and domestic actors were
supported by government, to enrich scientific and technological output. After
Hitler, the rule of game was changed. Jewish population in the field of science and
technology were excluded from universities, research centers and firms (finally
from the country). Discrimination was resulted in differences in foreign science
policies. Hitler did not allow any scientific collaboration with other Europeans
and Americans. On the other hand, the USA highly benefited from industry and
university collaboration, differently from Germany. Many universities found
their fundings from industry. State was always eager to make the connection in
terms of market and budget. For example, Johns Hopkins University organized
some conferences to bring together scientists and businessmen. Moreover, in Du
Pont, some PhDs and other scientific technicians were exempt from tax burden.
In addition, foreign scientists (especially who flew from Germany) were welcomed
and supported”. Fourth dimension is funding types. In Germany, normally, before
Hitler science and scientific activities were supported by public and private (Kaiser
Wilhelm Institute) authorities. After Hitler, this was changed according to demand
of third Reich. On the other hand, in the USA, ordinary structure of funding was

75  'There were no data how many scientists employed in Du Pont.
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favored. According to this, government always gave a budget to their authorities
so that firms and individuals could benefit from it. Private initiatives (like firms)
can support the activities also. Finally, the common and similar dimension was
about technological grants. Practical technological stuff and technologies that avail
to industry by firms were supported in both countries. Thanks to these activities,
government directly or indirectly gain advantages in foreign policies. Examples for
those can be seen in the story of invention of Nylon (for the USA) and Dye (for

Germany).

This part discussed the differences and similarities in terms of science and
technology policies between the USA and Germany. There were important
dissimilarities that came with Hitler period and moreover, slightly different policies
were issued. The next title will explain limitations of the dissertation and further

research opportunities.

7.5 Limitations & Further Research

Naturally, this dissertation has some limitations in terms of data and reaching
archival sources. Archival work is a challenging task in its own right. In this
dissertation, preliminary research is conducted with the desire to reach more data
sources. As a result of this preliminary research, five archives and libraries were
spotted to obtain data for German side of the research. Those archives contain
valuable and varied data, which are explained in the methodology chapter in depth.
Further archival work could enable to reach more specific data sets. For example,
1G Farben was a merger company. As a natural result of this, constituent firms of
1G Farben had their own archives like Bayer at Leverkusen, BASF at Ludwigshafen.
Visiting all these archives is of course a daunting task, consumes time and effort and
is also expensive. In this dissertation, archives are selected, so to say, purposefully
to find information supporting the main argument which is related to different
paths in breakthrough innovations in the chemical sector in different geographies.
Thus, we were more interested with rare education, research and managerial data
sets. However, there are more data sets (and archives) which need to be studied.
Especially, the private corporate archives (like Bayer’s) and its contents could be

explored to do further research that would enrich the findings in this thesis.

On the other hand, data collection for the USA case was a relatively easy-going
task compared to Germany. Du Pont’s operations and business continues; the
archive of the company is settled in one place at Delaware, USA; and Du Pont’s

archives have mostly been digitalized. Consequently, reaching sources are easier

186



than Germany. However, the archives and library of the Du Pont (located at Hagley
Museum) should be visited to obtain more data. Though digital sources for Du
Pont produced sufficient information and data for the thesis, ideally, the archival

work in Germany should be accompanied by a similar archival work in USA.

Finally, this dissertation explains how 1G Farben and Du Pont flourished in the
chemical sector between 1925 and 1945 under different circumstances. Both were
successful, both were innovative and both were the leading firm in their geographies.
But their success comes from adaptation to context-specific factors. According to
this main finding, new research agendas and opportunities might be issued from

the perspective of Science and Technology Studies.

As a last word, the success of two countries was not a coincidence. They are good
cases that show that science is an indispensable guide for understanding the

universe and promoting economic development.

187



REFERENCES

Abbott, Andrew. 1990. “Conceptions of Time and Events in Social Science
Methods: Causal and Narrative Approaches.” Historical Methods: A Journal of
Quantitative and Interdisciplinary History 23 (4): 140-50. https://doi.org/10.108

0/01015440.1090.10594204.

Abel, Wilhelm. 1980. Agricultural Fluctuations in Europe from the Thirteenth to the
Twentieth Centuries. New York: St. Martin’s Press.

Abelshauser, Werner, Wolgang von Hippel, Jeffrey Allan Johnson, and Raymond
G. Stokes, eds. 2008. German Industry and Global Enterprise: BASF: The History
of a Company. Cambridge, U.K. ; New York: Cambridge University Press.

Acemoglu, Daron, and James A Robinson. 2012. Why Nations Fail: The Origins of

Power, Prosperity, and Poverty. New York: Crown Publishers.

Acemoglu, Daron, and James A. Robinson. n.d. Why Nations Fail: The Origins of

Power, Prosperity and Poverty. New York : Crown Publishers, c2012.

Aftalion, Fred. 1991. A History of the International Chemical Industry. Philadelphia:

University of Pennsylvania Press.

Andrews, Edmund L. 1999. “The Business World; 1.G. Farben: A Lingering Relic of
the Nazi Years.” The New York Times, May 2, 1999. https://goo.gl/B2rMID.

“Annual Summary JSTOR in 2012.” 2013. Annual Report. New York. https://goo.
gl/o8ftcV.

Applebaum, Anne. 2012. Iron Curtain: The Crushing of Eastern Europe 1944-56.

London ; New York: Allen Lane, an imprint of Penguin Books.

Arendt, Hannah. 1994. Eichmann in Jerusalem: A Report on the Banality of Evil. New
York, N.Y., U.S.A.: Penguin Books.

Armstrong, Henry E. 1893. “The Appreciation of Science by German

188



Manufacturers.” Nature 48 (May): 29-34. https://doi.org/10.1038/048029go0.
Atkins, Peter. 2015. Chemistry: A Very Short Introduction. Oxford University Press.

Avakov, Aleksandr V. 2010. Two Thousand Years of Economic Statistics: World
Population, GDP and PPP. New York: Algora Pub. http://public.eblib.com/
choice/publicfullrecord.aspx?p=485487.

Balderston, T. 1989. “War Finance and Inflation in Britain and Germany,
1914-1918.” The Economic History Review 42 (2): 222-44. https://doi.
0rg/10.2307/2596203.

Ball, Philip. 2014. Serving the Reich: The Struggle for the Soul of Physics Under Hitler.
Random House.

Bannock, Graham. 2003. The Penguin Dictionary of Economics. Penguin Reference
Books. Penguin Books.

Barabasi, Albert-Laszl6, Réka Albert, and Hawoong Jeong. 1999. “Mean-Field Theory
for Scale-Free Random Networks.” Physica A: Statistical Mechanics and Its

Applications 272 (1-2): 173-87. https://doi.org/10.1016/S0378-4371(99)00291-5.

Basalla, George. 1988. The Evolution of Technology. Cambridge [England]; New
York: Cambridge University Press.

“BASF: Half-Year Financial Report 2017.” n.d. Accessed September 22, 2017.
http://report.basf.com/2017/q2/en/.

“Bayer’s Annual Report 2016.” n.d. Accessed September 22, 2017. http://www.

annualreport2016.bayer.com/at-a-glance/key-data.html.

Beer, John ]. 1958. “Coal Tar Dye Manufacture and the Origins of the Modern
Industrial Research Laboratory.” Isis 49 (2): 123-31.

Bell, P. M. H. 1986. The Origins of the Second World War in Europe. London; New
York: Longman.

Benedict, Ruth. 2006. The Chrysanthemum and the Sword. 1 edition. Boston:
Mariner Books.

189



Berglund, Abraham. 1923. “The Tariff Act of 1922.” The American Economic Review
13 (1): 14-33.

Bernal, . D. 2010. Science in History. Vol. The Scientific and Industrial Revolutions.
2 vols. Pelican Book A994-A997. London: Faber and Faber Ltd., 2010.

Bidwell, Robin Leonard. 1970. Currency Conversion Tables: A Hundred Years of
Change. London: Rex Collings Ltd.

Bining, Arthur Cecil. 1933. British Regulation of the Colonial Iron Industry.

Philadelphia: University of Pennsylvania Press.

Bining, Arthur Cecil, and Thomas C Cochran. 1964. The Rise of American Economic
Life. New York: Scribner.

Bird, William L. 1999. Better Living: Advertising, Media and the New Vocabulary of

Business Leadership, 1935-1955. Evanston, lll.: Northwestern University Press.

Birren, Faber, and Shirley Riffe. 1980. The Textile Colorist. New York: Van Nostrand
Reinhold Co.

Blau, Peter Michael. 1964. Exchange and Power in Social Life. Transaction
Publishers.

Borkin, Joseph. 1979. The Crime and Punishment of 1.G. Farben. London: Deutsch.

Boyle, Robert. 1900. The Sceptical Chymist. London; New York: ].M. Dent & Sons,
Ltd.; E.P. Dutton & Co.

Brandenberger, Jacques Edwin. 1917. Sensitive Photographic Film. US1221825 A,
filed February 24, 1915, and issued April 10, 1917. http://www.google.com.tr/
patents/US1221825.

Braun, H.-]. 1990. The German Economy in the Twentieth Century. London; New
York: Routledge. http://www.crcnetbase.com/isbn/9780203403648.

Brock, W. H. 1997. Justus von Liebig: The Chemical Gatekeeper. Cambridge; New
York: Cambridge University Press.

190



Brogan, Hugh. 2001. The Penguin History of the United States of America. London;

New York: Penguin Books.

Brown, John Seely, and Paul Duguid. 1991. “Organizational Learning and
Communities-of-Practice: Toward a Unified View of Working, Learning, and

Innovation.” Organization Science 2 (1): 40-57.

Bryman, Alan. 2016. Social Research Methods. 5 edition. Oxford ; New York: Oxford

University Press.

Buchholz, Todd G. 1989. New Ideas from Dead Economists: An Introduction to

Modern Economic Thought. New York: New American Library.

Burns, Tom, and G. M. Stalker. 1994. The Management of Innovation. Oxford

University Press.

Bush, Vannevar. 1945. “Science, the Endless Frontier; a Report to the President on
a Program for Postwar Scientific Research.” Washington, D.C.: Washington,

National Science Foundation. https://goo.gl/Ky7XrT.

Cantillon, Richard. 2000. Essay on the Nature of Commerce in General. Edited by

Anthony Brewer. New Brunswick [u.a.: Transaction Publ.

Cantwell, John. 2005. “Innovation and Competitiveness.” In The Oxford Handbook
of Innovation, edited by Jan Fagerberg, David C. Mowery, and Richard R.
Nelson, 543-67. Oxford ; New York : Oxford University Press, 2005.

Casson, Mark. 2012. Multinationals and World Trade: Vertical Integration and the

Division of Labour in World Industries. Routledge.

Cetinkaya, Umut Yilmaz. Y+ ) ¢, “European Union Innovativeness from the
Perspective of Systems of Innovation and Complex Systems.” Ankara: METU;
YV £, https://goo.gl/FmLCIQ.

Chandler, Alfred D. 1977. The Visible Hand: The Managerial Revolution in American

Business. Harvard University Press.

———.1990. Scale and Scope: The Dynamics of Industrial Capitalism. Cambridge,
Mass.: Belknap Press, 1990.

191



Chandler, Alfred D., and Stephen Salsbury. 1971. Pierre S. Du Pont and the Making
of the Modern Corporation. 1st ed. New York: Harper & Row.

Chandler, Alfred Dupont. 2003. Strategy and Structure: Chapters in the History of
the American Industrial Enterprise. Washington, D.C.: Beard Books.

Chang, Ha-Joon, llene Grabel, and Robert H Wade. 2014. Reclaiming Development:

An Alternative Economic Policy Manual. London: Zed Books.

Charles, Daniel. 2009. Master Mind: The Rise and Fall of Fritz Haber, the Nobel
Laureate Who Launched the Age of Chemical Warfare. Harper Collins.

Cho, Tong-song, and Hwi-ch ‘ang Mun. 2013. From Adam Smith to Michael
Porter : Evolution of Competitiveness Theory. Asia-Pacific Business Series.
Singapore: World Scientific Publishing Company. http://search.ebscohost.
com/login.aspx?direct=true&AuthType=ip&db=nlebk&AN=564502&site=eds-
live&authtype=ip,uid.

Clark, Gregory. 2007. A Farewell to Alms: A Brief Economic History of the World.

Princeton: Princeton University Press.

Cloodt, Myriam, John Hagedoorn, and Nadine Roijakkers. 2006. “Trends and
Patterns in Interfirm R&D Networks in the Global Computer Industry: An
Analysis of Major Developments, 1970-1999.” Business History Review 80 (4):

725-406. https://doi.org/10.2307/25097267.

Coelho, Paulo. 1996. Simyact: roman. Translated by Ozdemir Ince. Istanbul: Can

Yayinlari.

Cohen, Stephen F. 1974. Bukharin and the Bolshevik Revolution: A Political
Biography, 1888-1938. London: Wildwood House.

Cohen, Wesley M., and Daniel A. Levinthal. 1990. “Absorptive Capacity: A New

Perspective on Learning and Innovation.” Administrative Science Quarterly 35
(1): 128-52. https://doi.org/10.2307/2393553.

Colby, Gerard. 2014. Du Pont Dynasty: Behind the Nylon Curtain. http://www.
freading.com/ebooks/details/r:download/MDAxMDE5LTEwWNjM5NzMs.

192



“Control Council Law No. 10, Punishment of Persons Guilty of War Crimes,
Crimes Against Peace and Against Humanity.” 1945. Human Rights Library.
https://goo.gl/ba7WSM.

Cornwell, John. 2004. Hitler’s Scientists: Science, War, and the Devil’s Pact. New

York : Penguin, 2004.
Crawford, Allan R. 1981. “Science and Industry.” Science 213 (4512): 1076-77.

Daintith, John. 2008. “Isoprene - Oxford Reference.” A Dictionary of Chemistry.

Great Britain: Oxford University Press.

Daintith, John, and E. A. Martin, eds. 2005. A Dictionary of Science. 5th ed. Oxford
Paperback Reference. Oxford ; New York: Oxford University Press.

David, Alison Matthews. 2015. Fashion Victims: The Dangers of Dress Past and
Present. Bloomsbury Publishing.

Day, Clive. 1922. A History of Commerce. New York: Longmans, Green, and Co.

Dear, lan, and M. R. D Foot. 2001. The Oxford Companion to World War 11. Oxford;
New York: Oxford University Press.

Delorme, Jean. 1962. Anthologie des Brevets sur les Matiéres Plastiques: Fabrication et
Transformation. (1931-1945). Ed. Amphora.

Diamond, Jared M. 1997. Guns, Germs, and Steel: The Fates of Human Societies. New
York: W.W. Norton & Co.

“Die Leopoldina: Nationale Akademie Der Wissenschaften.” 2017. Academic.

Nationale Akademie Der Wissenschaften. 2017. https://goo.gl/L7cdgb.

Dixon, Thomas. 2008. Science and Religion: A Very Short Introduction. New York:

Oxford University Press Inc.

Dosi, Giovanni. 1984a. Technical Change and Industrial Transformation. New York:
St. Martin’s Press.

———.1984b. Technical Change and Industrial Transformation: The Theory and an

193



Application to the Semiconductor Industry. Springer.

Du Pont. 1910. Farming with Dynamite: A Few Hints to Farmer. Wilmington, Del.:
The Lord Baltimore Press. https://goo.gl/iNxuMm.

“Du Pont: 2013 Annual Review.” 2013. Annual Report. Wilmington, Del.: Du Pont.
https://goo.gl/ZLv3Co.

“DuPont’s Net Income 2011-20715 | Statistic.” n.d. Statista. Accessed December 4,

2010. https://www.statista.com/statistics/540512/net-income-of-dupont/.

Durkheim, Emile. 1964. The Division of Labor in Society. New York: Free Press of

Glencoe.

Edquist, Charles. 2001. “The Systems of Innovation Approach and Innovation
Policy: An Account of the State of the Art.” In DRUID Conference: 2001.
Aalborg. http://goo.gl/WcWR7v.

E.l. du Pont de Nemours & Company. 1916. Du Pont Products. Wilmington, Del.:
E.l. Du Pont de Nemours & Co.

———.1952. The Story of the Eastern Laboratory, 1902-1952. Wilmington, Del.

———.1956. “Meat’s at Its Best in Cellophane.” E.I. du Pont de Nemours &
Company. https://goo.gl/wlHsI1l.

Einstein, Albert. 2017. Relativity: The Special and the General Theory, 100th

Anniversary Edition. S.1.: www.bnpublishing.com.

Epstein, Ralph C. 1926. “Industrial Invention: Heroic, or Systematic?” The

Quarterly Journal of Economics 40 (2): 232. https://doi.org/10.2307/1884619.

Epstein, Stephan R, and Maarten Roy Prak. 2008. Guilds, Innovation, and the
European Economy, 1400-1800. Cambridge; New York: Cambridge University
Press.

Erikson, Emily. 2014. Between Monopoly and Free Trade: The English East India
Company, 1600-1757. http://public.eblib.com/choice/publicfullrecord.
aspx?p=1603117.

194



Espinas, Alfred Victor. 1891. Histoire des Doctrines Economiques,. Paris: A. Colin et

cie.
Estrada, Ernesto, and Philip A Knight. 2015. A First Course in Network Theory.

Fagerberg, Jan, David C. Mowery, and Richard R. Nelson, eds. 2005. The Oxford
Handbook of Innovation. Oxford ; New York : Oxford University Press, 2005.

Faraday, Michael. 1974. Chemical Manipulation. New York: Wiley.

Ferro, Marc. 2002. The Great War, 1914-1918. Routledge Classics. London ; New
York : Routledge, 2002.

Finlayson, Clive. 2010. The Humans Who Went Extinct: Why Neanderthals Died
Out and We Survived. 1 edition. Place of publication not identified: Oxford

University Press.

Fischetti, Mark, and Jen Chrisriansen. 2014. “How Science Evolves.” Scientific

American, February 2014.

Fisk, Catherine L. 2009. Working Knowledge: Employee Innovation and the Rise
of Corporate Intellectual Property, 1800-1930. http://public.eblib.com/choice/
publicfullrecord.aspx?p=475181.

Flechtner, Hans-Joachim. 1959. Carl Duisberg; vom Chemiker zum Wirtschaftsfiihrer.
Diisseldorf: Econ Verlag.

Flexner, Abraham. 2017. The Usefulness of Useless Knowledge. Edited by R Dijkgraaf.
http://public.eblib.com/choice/publicfullrecord.aspx?p=4802070.

Franklin, Benjamin. 1772. “Founders Online: From Benjamin Franklin to Pierre
Samuel Du Pont de Nemours, 15 ...,” June 15, 1772. http://founders.archives.

gov/documents/Franklin/o1-19-02-0123.

Franklin, John Hope. 1967. From Slavery to Freedom: A History of Negro Americans.
New York: Knopf.

Freely, John. 2009. Aladdin’s Lamp: How Greek Science Came to Europe through the
Islamic World. New York: Alfred A. Knopf.

195



———. 2012. Before Galileo: The Birth of Modern Science in Medieval Europe. New
York; London: Overlook Duckworth.

Freeman, Christopher. 1987. Technology, Policy, and Economic Performance: Lessons

from Japan. Pinter Publishers.

———.2008. Systems of Innovation: Selected Essays in Evolutionary Economics.
Cheltenham, England; Northampton, Mass.: Edward Elgar.

Freeman, Christopher, and Francisco Louga. 2001. As Time Goes By: From the
Industrial Revolutions to the Information Revolution. Oxford; New York:

Oxford University Press. http://public.eblib.com/choice/publicfullrecord.
aspx’p=3052743.

Freeman, Christopher, and Luc Soete. 1997. The Economics of Industrial

Innovation. 3rd ed. Cambridge, Ma: MIT Press.

Freeman, H.S., and G.N. Mock. 2013. “Dye Application, Manufacture of
Dye Intermediates and Dyes.” In Handbook of Industrial Chemistry and
Biotechnology - Volume 1 -2, edited by James A. Kent, 12th ed. Springer Science

& Business Media.

9y

Freeman, Linton C. 1977. “A Set of Measures of Centrality Based on Betweenness.’

Sociometry 40 (1): 35-41. https://doi.org/10.2307/3033543.
French, Michael J. 1991. The US Tire Industry: A History. Boston: Twayne publ.
Friedman, lan C. 2004. Education Reform. New York, NY: Facts On File.

Friesen, W. O., and G. D. Block. 1984. “What Is a Biological Oscillator?” The
American Journal of Physiology 246 (6 Pt 2): R847-853.

Fulbrook, Mary. 1990. A Concise History of Germany. Cambridge [England]; New
York: Cambridge University Press.

Garfield, Simon. 2001. Mauve: How One Man Invented a Color That Changed the
World. New York: W.W. Norton & Co.

Gelderblom, Oscar. 2013. Cities of Commerce: the Institutional Foundations of

196



International Trade in the Low Countries, 1250-1650. http://public.eblib.com/
choice/publicfullrecord.aspx?p=1213976.

Gelderblom, Oscar, and Regina Grafe. 2010. “The Rise and Fall of the Merchant
Guilds: Re-Thinking the Comparative Study of Commercial Institutions in
Premodern Europe.” Journal of Interdisciplinary History 40 (4): 477-511. https://
doi.org/10.1162/jinh.2010.40.4.477.

George, Alexander L., and Andrew Bennett. 2005. Case Studies and Theory

Development in the Social Sciences. MIT Press.

Gerring, John. 2011. “The Case Study.” The Oxford Handbook of Political Science,
July. https://doi.org/10.1093/0xfordhb/9780199604456.013.005T1.

Ghoshal, Sumantra. 1987. “Global Strategy: An Organizing Framework.” Strategic
Management Journal 8 (5): 425-40. https://doi.org/10.1002/smj.4250080503.

Gianesini, Giovanna, and Sampson Lee Blair. 20106. Divorce, Separation, and

Remarriage: The Transformation of Family. Emerald Group Publishing.
Giroud, Frangoise. 1986. Marie Curie: A Life. New York: Holmes & Meier.

Gordon, Robert J. 2017. The Rise and Fall of American Growth: The U.S. Standard of

Living since the Civil War.

Gould, Stephen Jay. 1991. Bully for Brontosaurus: Reflections in Natural History. New
York: Norton.

Granstrand, Ove. 1999. The Economics and Management of Intellectual Property:
Towards Intellectual Capitalism. Cheltenham, UK; Northampton, MA, USA: E.
Elgar Pub.

Greenberg, Arthur. 2007. From Alchemy to Chemistry in Picture and Story.

Hoboken, N.J. : Wiley-Interscience, c2007.

Greif, Avner, and Steven Tadelis. 2010. “A Theory of Moral Persistence: Crypto-
Morality and Political Legitimacy.” Journal of Comparative Economics 38 (3):

229-44. https://doi.org/10.1016/j.jce.2010.07.005.

197



Grosse, Robert. 2015. Emerging Markets: Strategies for Competing in the Global Value
Chain. London: Kogan Page, Limited.

Gunderson, Gerald. 1976. A New Economic History of America. New York: McGraw-
Hill.

Haber, L. F. 1958. The Chemical Industry during the Nineteenth Century: A Study of
the Economic Aspect of Applied Chemistry in Europe and North America. Oxford:

Clarendon Press.

———.1971. The Chemical Industry, 1900-1930: International Growth and
Technological Change. Oxford: Clarendon Press.

Hall, Bronwyn H., and Nathan Rosenberg, eds. 2011. Handbook of the Economics
of Innovation Vol. 1. 1. ed., Reprinted. Vol. 2. 1 vols. Handbooks in Economics 1.
Amsterdam: North Holland.

Harari, Yuval Noah. 2015. Sapiens: A Brief History of Humankind. London: Vintage
books, 2014.

Harp, Stephen L. 2016. A World History of Rubber: Empire, Industry, and the
Everyday.

Hausmann, Ricardo, and César A Hidalgo. 2013. The Atlas of Economic Complexity:

Mapping Paths to Prosperity. http://site.ebrary.com/id/10827387.
Hay, Jeff. 2002. The Treaty of Versailles. San Diego, Calif.: Greenhaven Press.

Hayek, Friedrich A. von. 1945a. “The Use of Knowledge in Society.” The American
Economic Review 35 (4): 519-30.

———.1945b. “The Use of Knowledge in Society.” The American Economic Review

35 (4): 519-30.
———.19060. The Constitution of Liberty. Chicago: University of Chicago Press.
———.1964. The Counter-Revolution of Science. New York: Free Press of Glencoe.

———.19606. Monetary Theory and the Trade Cycle. New York: A.M. Kelley.

198



———. 2012a. Law, Legislation and Liberty: A New Statement of the Liberal Principles

of Justice and Political Economy. London (u.a.): Routledge.

———.2012b. The Sensory Order: An Inquiry into the Foundations of Theoretical
Psychology. University of Chicago Press.

Hayes, Peter. 1987. Industry and ldeology: IG Farben in the Nazi Era. New York:
Cambridge University Press, 1989, c1987.

Heilbron, J. L. 2010. Galileo. Oxford [England]; New York: Oxford University Press.

Heine, Jens Ulrich. 1990. Verstand & Schicksal: die Mdnner der 1.G.-Farbenindustrie-
A.G. (1925-1945) in 161 Kurzbiographien. Weinheim; New York: VCH.

Hentschel, Klaus. 1996. Physics and National Socialism: An Anthology of Primary
Sources. http://public.eblib.com/choice/publicfullrecord.aspx?p=12054069.

Hermes, Matthew E. 1996. Enough for One Lifetime: Wallace Carothers, Inventor of
Nylon. Chemical Heritage Foundation.

Hippel, Eric von. 1988. The Sources of Innovation. Oxford University Press.

Hitt, Michael A., Robert E. Hoskisson, Richard A. Johnson, and Douglas D.
Moesel. 1996. “The Market for Corporate Control and Firm Innovation.”

The Academy of Management Journal 39 (5): 1084-1119. https://doi.
01g/10.2307/256903.

Hobsbawm, E. ]. 1994. Age of Extremes: The Short Twentieth Century 1914-1991.
London : Michael Joseph, 1994.

Hobsbawm, Eric John. 1962. The Age of Revolution 1789-1800. London.
Holborn, Hajo. 1959. A History of Modern Germany. New York: A.A. Knopf.

Homburg, Ernst. 1983. “The Influence of Demand on the Emergence of the Dye
Industry. The Roles of Chemists and Colourists.” Journal of the Society of
Dyers and Colourists 99 (11): 325-33. https://doi.org/10.1111/j.1478-4408.1983.
tbo30657.x.

199



———.1992. “The Emergence of Research Laboratories in the Dyestuffs Industry,

1870-1900.” The British Journal for the History of Science 25 (1): 9I-III.

Homburg, Ernst, A. S Travis, and Harm G Schroter. 1998. The Chemical Industry
in Europe, 1850-1914: Industrial Growth, Pollution, and Professionalization.

Dordrecht; Boston: Kluwer Academic.

Hounshell, David A, and John K Smith. 1988. Science and Corporate Strategy: Du
Pont R&D: 1902-1980. Cambridge [Cambridgeshire]; New York: Cambridge

University Press.
Hourani, Albert. 2013. A History of the Arab Peoples: Updated Edition. Faber & Faber.

Hua Wang, and Barry Wellman. 2010. “Social Connectivity in America: Changes
in Adult Friendship Network Size From 2002 to 2007.” American Behavioral

Scientist 53 (8): 1148-69. https://doi.org/10.1177/0002764209356247.

Huber, George P. 1991. “Organizational Learning: The Contributing Processes and

the Literatures.” Organization Science 2 (1): 88-115.

Hughes, Thomas Parke. 1983. Networks of Power: Electrification in Western Society,
1880-1930. Baltimore, Maryland: Johns Hopkins University Press.

1G Farbenindustrie AG, Main). 1928. Der Farbenkonzern 1928: die 1.G.
Farbenindustrie A.G., ihre Tochtergesellschaften und Beteiligungen: Aufbau,
Statistik, Finanzen. Berlin-Wilmersdorf: R. & H. Hoppenstedt.

lliffe, Rob. 2007. Newton: A Very Short Introduction. Very Short Introductions.
Oxford ; New York: Oxford University Press.

“Inside WorldCat.” 2016. 20106. https://goo.gl/hi3KTj.

Iversen, Martin Jes. 2008. “Measuring Chandler’s Impact on European Business
Studies since the 1960s.” Business History Review 82 (2): 279-92. https://doi.
01g/10.1017/S0007680500062772.

Jacob, Margaret C. 1988. The Cultural Meaning of the Scientific Revolution. New
Perspectives on European History. New York : McGraw-Hill, c1988.

200



Jacomy M, Venturini T, Heymann S, and Bastian M. 2014. “ForceAtlas2, a
Continuous Graph Layout Algorithm for Handy Network Visualization
Designed for the Gephi Software.” PloS One 9 (6).

Jefferson, Thomas. 1816. “Founders Online: Thomas Jefferson to Pierre Samuel Du
Pont de Nemours, 24 April ...,” April 24, 1816. http://founders.archives.gov/
documents/Jefferson/03-09-02-0471.

Jeftreys, Diarmuid. 2010. Hell’s Cartel: IG Farben and the Making of Hitler’s War
Machine. Macmillan.

Johnson, Jeftfrey Allan. 2000a. Determinants in the Evolution of the European
Chemical Industry, 1900-1939. https://proxy.bilkent.edu.tr/http://search.
ebscohost.com/login.aspx?direct=true&db=edsggo&AN=edsgcl.69972442&site
=eds-live.

———.2000b. “The Academic-Industrial Symbiosis in German Chemical
Research: 1905-1939.” In The German Chemical Industry in the Twentieth
Century, edited by John Lesch. Springer Science & Business Media.

———.2017. The Kaiser’s Chemists: Science and Modernization in Imperial Germany.
UNC Press Books.

Johnston, R. L. 1924. “Selling with Cellophone.” DuPont Magazine, December 1924.

Jones, E. L. 2003. The European Miracle: Environments, Economies, and Geopolitics
in the History of Europe and Asia. Cambridge, UK; New York, NY: Cambridge

University Press.

Kant, Immanuel. 2004. Metaphysical foundations of natural science. Edited by

Michael Friedman. Cambridge, UK; New York: Cambridge University Press.

Kauffman, S. A. 1969. “Metabolic Stability and Epigenesis in Randomly
Constructed Genetic Nets.” Journal of Theoretical Biology 22 (3): 437-67.
https://doi.org/10.1016/0022-5193(69)90015-0.

Kennedy, Paul M. 1987. The Rise and Fall of the Great Powers: Economic Change and
Military Conflict from 1500 to 2000. New York, NY: Random House.

201



Kershaw, lan. 1999. Hitler. New York: W.W. Norton.
———.2012. The End: Hitler’s Germany, 1944-45. London: Penguin.

Keynes, John Maynard. 2015. The General Theory of Employment, Interest, and
Money. https://www.overdrive.com/search?q=E462DDB6-E49F-4920-99DD-
3A5633C59FCF.

Kinnane, Adrian. 2002. DuPont: From the Banks of the Brandywine to Miracles of

Science. Wilmington, Del.: E.I. du Pont de Nemours and Co.

Kirzner, Israel M. 2015. Competition and Entrepreneurship. University of Chicago

Press.

Knight, David M. 1998. The Development of Chemistry 1789-1914. London; New
York: Routledge/Thoemmes Press.

Kolb, Eberhard. 2005. The Weimar Republic. London; New York: Routledge.

Kuramoto, Yoshiki. 1984. Chemical Oscillations, Waves, and Turbulence. Berlin;

New York: Springer-Verlag.

Lam, Alice. 2005. “Organizational Innovation.” In The Oxford Handbook of
Innovation, edited by Jan Fagerberg, David C. Mowery, and Richard R. Nelson,
116-47. Oxford ; New York : Oxford University Press, 2005.

Lamoreaux, Naomi R, Daniel M. G Raff, and Peter Temin. 2007. Learning by Doing
in Markets, Firms, and Countries. Chicago: The University of Chicago Press.

http://www.SLQ.eblib.com.au/patron/FullRecord.aspx?p=408353.

Landau, Ralph, and Nathan Rosenberg, eds. 1986. The Positive Sum Strategy:
Harnessing Technology for Economic Growth. Washington, D.C: National

Academy Press.
Landes, David S. 1966. The Rise of Capitalism. New York: Macmillan.

———.1998. The Wealth and Poverty of Nations: Why Some Are so Rich and Some so
Poor. New York: W.W. Norton.

202



———. 2003. The Unbound Prometheus: Technological Change and Industrial

Development in Western Europe from 1750 to the Present. Cambridge, UK; New
York: Cambridge University Press.

“Largest U.S. Chemical Companies Based on Revenue | Statistic.” n.d. Statista.

Accessed December 4, 20106. https://www.statista.com/statistics/268626/
largest-us-chemical-companies-based-on-revenue/.

Lawrence, Paul R., and Jay W. Lorsch. 1967. “Differentiation and Integration in

Complex Organizations.” Administrative Science Quarterly 12 (1): 1. https://doi
01g/10.2307/2391211.

Lazonick, W., and ]J. West. 1998. “Organizational Integration and Competitive
Advantage.” In Technology, Organization, and Competitiveness: Perspectives on

Industrial and Corporate Change, edited by Giovanni Dosi, David ]. Teece, and
Josef Chytry, 247-88. Oxford University Press.

League of Nations Secretariat. 1927. “International Economic Conference,

Geneva, May 1927. Documentation. The Chemical Industry.” In . Geneva.

Lee, Jooho, and Soonhee Kim. 2010. “Exploring the Role of Social Networks in
Affective Organizational Commitment: Network Centrality, Strength of Ties,
and Structural Holes.” The American Review of Public Administration 41 (2):
205-23. https://doi.org/10.1177/0275074010373803.

Lesch, John, ed. 2000. The German Chemical Industry in the Twentieth Century.
Springer Science & Business Media.

Levere, Trevor Harvey. 2001. Transforming Matter : A History of Chemistry From
Alchemy to the Buckyball. Johns Hopkins Introductory Studies in the History
of Science. Baltimore: Johns Hopkins University Press. http://search.

ebscohost.com/login.aspx?direct=true&AuthType=ip&db=nlebk&AN=75605&s
ite=eds-live&authtype=ip,uid.

Levi, Primo. 1959. If This Is Man: The Truce. London: Orion Press.

Lindner, Stephan H. 2008. Inside IG Farben: Hoechst during the Third Reich.
Cambridge; New York: Cambridge University Press, 2008.

203



Linz, Juan J. 2000. Totalitarian and Authoritarian Regimes. Boulder, CO: Lynne

Rienner Publishers.

Lipsey, Richard G., Kenneth Carlaw, and Clifford Bekar. 2005. Economic
Transformations : General Purpose Technologies and Long-Term Economic
Growth. Oxford, England ; New York : Oxford University Press, 2005.

List, Friedrich. 1966. The National System of Political Economy. Reprints of
Economic Classics. New York, A. M. Kelley, 1966.

Lundvall, Bengt-\AAke. 2004. “The Economics of Knowledge and Learning.”
In Product Inovation, Interactive Learning and Economic Performance, 21-42.
Emerald Group Publishing Limited. http://www.emeraldinsight.com/doi/
abs/10.1016/S0737-1071(04)08002-3.

Lundvall, Bengt-Ake. 1985. “Product Innovation and User-Producer Interaction.”
In . Aalborg Universitetsforlag. http://goo.gl/vc8cbQ.

Macrakis, Kristie. 1993. Surviving the Swastika: Scientific Research in Nazi Germany.

New York: Oxford University Press.

Madathil, J., and J. M. Benshoff. 2008. “Importance of Marital Characteristics and
Marital Satisfaction: A Comparison of Asian Indians in Arranged Marriages
and Americans in Marriages of Choice.” The Family Journal 16 (3): 222-30.

https://doi.org/10.1177/1066480708317504.

Maddison, Angus. 1991. Dynamic Forces in Capitalist Development: A Long-Run

Comparative View. Oxford: New York : Oxford University Press.

———.2003. The World Economy: Historical Statistics. Paris, France: Development

Centre of the Organisation for Economic Co-operation and Development.

Malerba, Franco. 2004. Sectoral Systems of Innovation: Concepts, Issues and Analyses

of Six Major Sectors in Europe. New York, N.Y.: Cambridge University Press.

Marsch, Ulrich. 1994. “Strategies for Success: Research Organization in German

Chemical Companies and 1G Farben until 1936.” History and Technology 12 (1):
23-77. https://doi.org/10.1080/07341519408581874.

204



Marx, Karl. 1991. Capital: A Critique of Political Economy. Translated by David
Fernbach. Vol. Volume Three: The Process of Capitalist Production as a
whole. 3 vols. London; New York, N.Y., USA: Penguin Books in association
with New Left Review.

Mathews, John. 2013. “The Competitive Advantage of Michael Porter.” In The
Oxford Handbook of Management Theorists, edited by Morgen Witzel and
Malcolm Warner, 480-510. Oxford Handbooks. Oxford and New York:

Oxford University Press.
Mazzucato, Mariana. 2011. The Entrepreneurial State. London: Demos.

McClellan, James E., and Harold Dorn. 2015. Science and Technology in World
History: An Introduction. JHU Press.

McNab, Chris. 2009. World War 11 Data Book: Third Reich, 1933-45. London: Amber.

Meyer-Thurow, Georg. 1982. “The Industrialization of Invention: A Case Study
from the German Chemical Industry.” Isis 73 (3): 363-81.

Miller, Fredric. 1986. “Use, Appraisal, and Research: A Case Study of Social
History.” The American Archivist 49 (4): 371-92.

Mintzberg, Henry. 1979. The Structuring of Organizations: A Synthesis of the
Research. Prentice-Hall.

Mises, Ludwig von. 1963. Human Action: A Treatise on Economics. New Haven, Yale

University Press, 1903.

———.1983. Nation, State, and Economy: Contributions to the Politics and History of

Our Time. New York: New York University Press.

Mokyr, Joel. 1990. The Lever of Riches: Technological Creativity and Economic

Progress. New York: Oxford University Press.

———.2003a. The Oxford Encyclopedia of Economic History - Volumes.Vol.5.5
vols. Oxford; New York: Oxford University Press.

———.2003b. The Oxford Encyclopedia of Economic History - Volume 1. Vol. 5. 1

205



vols. Oxford ; New York : Oxford University Press, 2003.

———.2010. A Culture of Growth: The Origins of the Modern Economy. Princeton,

NJ: Princeton University Press.

Mokyr, Joel, and Grant, H. Roger. 2003. The Oxford Encyclopedia of Economic
History - Volume 4. Vol. 5. Oxford; New York: Oxford University Press.

Moran, Bruce T. 2005. Distilling Knowledge : Alchemy, Chemistry, and the Scientific
Revolution. New Histories of Science, Technology, and Medicine. Cambridge,
Mass: Harvard University Press. http://search.ebscohost.com/login.aspx?direc
t=true&AuthType=ip&db=nlebk&AN=282311&site=eds-live&authtype=ip,uid.

Morrison, Andrea, Carlo Pietrobelli, and Roberta Rabellotti. 2008. “Global Value
Chains and Technological Capabilities: A Framework to Study Learning and
Innovation in Developing Countries.” Oxford Development Studies 36 (1): 39—
58. https://doi.org/10.1080/13600810701848144.

Mowery, David C., and Richard R. Nelson. 1999. Sources of Industrial Leadership:
Studies of Seven Industries. Cambridge, UK ; New York : Cambridge University
Press, 1999.

Murmann, Johann Peter. 2003. Knowledge and Competitive Advantage the
Coevolution of Firms, Technology, and National Institutions. Cambridge, UK;
New York: Cambridge University Press. http://public.eblib.com/choice/
publicfullrecord.aspx?p=256654.

Murmann, Johann Peter, and Ernst Homburg. 2014. “Comparing Evolutionary
Dynamics across Different National Settings: The Case of the Synthetic Dye
Industry, 1857-1914.” Journal of Evolutionary Economics 11 (2): 177-205. https://
doi.org/10.1007/PL00003863.

Murray, Williamson, and Allan Reed Millett. 1996. Military Innovation in the
Interwar Period. Cambridge; New York: Cambridge University Press.

Myers, David G. 2004. “Human Connections and the Good Life: Balancing
Individuality and Community in Public Policy.” In Positive Psychology in
Practice, edited by P. Alex Linley and Stephen Joseph, 641-57. Hoboken,
New Jersey.: John Wiley & Sons, Inc. http://onlinelibrary.wiley.com/

206



doi/10.1002/9780470939338.ch38/summary.

Nelson, Richard R., and Nathan Rosenberg. 1993. National Innovation Systems : A
Comparative Analysis: A Comparative Analysis. Oxford University Press, USA.

Nelson, Richard R, and Sidney G Winter. 1982. An Evolutionary Theory of Economic
Change. Cambridge, Mass.: Belknap Press of Harvard University Press.

Neuman, W. Lawrence. 2014. Social Research Methods: Qualitative and Quantitative

Approaches. Boston [u.a.: Pearson.

Newman, M. E. ], Albert-Laszl6 Barabasi, and Duncan ] Watts. 20006. The Structure

and Dynamics of Networks. Princeton: Princeton University Press.

Nicholson, James. 2016. “Newton, Isaac - Oxford Reference.” The Concise
Oxford Dictionary of Mathematics. Oxford University Press. http://www.
oxfordreference.com/view/10.1093/acref/9780199679591.001.0001/acref-

9780199079591-€-1944.

Noakes, Jeremy, and Geoffrey Pridham. 1998. Nazism, 1919-1945: A Documentary
Reader Vol. 1. Vol. The rise to power 1919-1934. 1 vols. Exeter, UK: University of

Exeter Press.

———.2000. Nazism, 1919-1945: A Documentary Reader Vol. 2. Vol. State, Economy

and Society 1933-1939. 2 vols. Exeter, UK: University of Exeter Press.

Nonaka, lkujiro, and Hirotaka Takeuchi. 1995. The Knowledge-Creating Company:
How Japanese Companies Create the Dynamics of Innovation. Oxford University

Press.

North, Douglass C. 1966. The Economic Growth of the United States 1790-1860. New
York.

———.1990. Institutions, Institutional Change, and Economic Performance.
Cambridge; New York: Cambridge University Press.

Nowak, Martin A., and Robert M. May. 1992. “Evolutionary Games and Spatial
Chaos.” Nature 359 (6398): 826-29. https://doi.org/10.1038/359826a0.

207



Obrecht, Werner, Jean-Pierre Lambert, Michael Happ, Christiane Oppenheimer-
Stix, John Dunn, and Ralf Kriiger. 2000. “Rubber, 4. Emulsion Rubbers.” In
Ullmann’s Encyclopedia of Industrial Chemistry. Wiley-VCH Verlag GmbH & Co.
KGaA. https://doi.org/10.1002/14356007.023_00I.

“OEC - About.” 2017. The Observatory of Economic Complexity. 2017. http://

atlas.media.mit.edu/en/resources/about/.

Oguz, Fuat. 2000. “The Role of Practical Knowledge in Market Processes: An
Assessment of the Austrian Contribution.” Journal of Economic & Social

Research 2 (2): 59.
Overy, Richard. 2013. The Bombing War: Europe, 1939-1945. Penguin UK.

Padbo, Svante. 2014. Neanderthal Man: In Search of Lost Genomes. New York, N.Y.:

Basic Books.

Pavitt, Keith. 1984. “Sectoral Patterns of Technical Change: Towards a Taxonomy
and a Theory.” Research Policy 13 (6): 343-73. https://doi.org/10.1016/0048-

7333(84)90018-0.

Penrose, Edith. 2009. The Theory of the Growth of the Firm. OUP Oxford.

Petsoulas, Christina. 2013. Hayek’s Liberalism and Its Origins: His Idea of
Spontaneous Order and the Scottish Enlightenment. Routledge.

Pfister, Ulrich, and Georg Fertig. 2010. The Population History of Germany:
Research Strategy and Preliminary Results. Rostock: Max-Planck-Institut fiir
demografische Forschung. http://www.demogr.mpg.de/papers/working/wp-
2010-035.pdf.

Picker, Leslie, and Michael J. De La Merced. 2015. “Dow Chemical and DuPont
Set Merger and Plans to Split.” The New York Times, December 11, 2015. http://
www.nytimes.com/2015/12/12/business/dealbook/dow-chemical-and-dupont-

merger.html.

Pietrobelli, C., and F. Saliola. 2008. “Power Relationships along the Value Chain:
Multinational Firms, Global Buyers and Performance of Local Suppliers.”

Cambridge Journal of Economics 32 (6): 947-62. https://doi.org/10.1093/cje/beno1b.

208



Pietrobelli, Carlo. 2008. “Global Value Chains in the Least Developed Countries
of the World: Threats and Opportunities for Local Producers.” International

Journal of Technological Learning, Innovation and Development 1 (4): 459-481.

Pietrobelli, Carlo, and Roberta Rabellotti. 2011. “Global Value Chains Meet
Innovation Systems: Are There Learning Opportunities for Developing
Countries?” World Development 39 (7): 1261-69. https://doi.org/10.1016/j.

worlddev.2010.05.013.

Plunkett, Roy J. 1941. Tetrafluoroethylene polymers. US2230654 A, filed July
1, 1939, and issued February 4, 1941. http://www.google.com/patents/
US2230654.

“PNet Software.” 2017. MelNet. January 11, 2017. http://www.melnet.org.au/pnet/.
Polanyi, Michael. 1983. The Tacit Dimension. Gloucester, Mass.: Peter Smith.

———.1998. Personal Knowledge: Towards a Post-Critical Philosophy. London:
Routledge.

Pomeranz, Kenneth. 2000. The Great Divergence: China, Europe, and the Making of
the Modern World Economy. The Princeton Economic History of the Western
World. Princeton, N.J.: Princeton University Press, c2000. https://goo.gl/
TyerYh.

Popper, Karl. 2002. Conjectures and Refutations: The Growth of Scientific Knowledge.
New York: Routledge.

Porter, Michael E. 2011. Competitive Advantage of Nations: Creating and Sustaining

Superior Performance. Simon and Schuster.

Poulsen, René Taudal, Kristoffer Jensen, René Schreder Christensen, and Liping
Jiang. 2017. “Corporate Strategies and Global Competition: Odense Steel
Shipyard, 1918-2012.” Business History Review 91 (4): 707-34. https://doi.
0rg/10.1017/S0007680517001386.

“Production Lines of Du Pont.” 2016. Corporation Website. Www.dupont.com.

December 4, 2016. https://goo.gl/erDeksS.

209



Rajasekharan, P. T, and Arun Tiwari. 2016. Profiles in Excellence Nobel Laureates All:

1901-2015. http://www.credoreference.com/book/panthpenla.
Rand, Ayn. 1957. Atlas Shrugged. New York: New American Library.

Rapley, John. 2016. Understanding Development: Theory and Practice in the Third
World. S.1.: Routledge.

Raymond, Jack. 1950. “Allies Order 1.G. Farben Dissolved; ‘Sound’ Units Will Run
Separately; Farben Break-Up Ordered by Alles.” The New York Times, August
29, 1950. http://www.nytimes.com/1950/08/29/archives/allies-order-ig-

farben-dissolved-sound-units-will-run-separately.html.

Reader, W. ]. 1970. Imperial Chemical Industries: A History. Vol. Volume 1: The

Forerunners, 1870-1926. 1 vols. London: Oxford University Press.
Rees, Laurence. 2005. Auschwitz: A New History. New York: Public Affairs.

Reese, Charles L. 1905. Process of making nitroglycerin. US804817 A, filed June
10, 1903, and issued November 14, 1905. http://www.google.com/patents/
US804817.

Reich, Leonard S. 1985. The Making of American Industrial Research: Science and
Business at GE and Bell, 1876-1926. Cambridge [Cambridgeshire]; New York:

Cambridge University Press.

Resetar, Susan. 2000. Technology Forces at Work: Profiles of Environmental Research
and Development at Dupont, Intel, Monsanto, and Xerox. Santa Monicao, Calif,;

Lancaster: Rand ; Gazelle.

Rhodes, Richard. 1986. The Making of the Atomic Bomb. New York: Simon &
Schuster.

Robbins, Lionel Robbins. 1934. The Great Depression. London: Macmillan and Co.,
Limited.

Rossfeld, Roman. 2008. “Suchard and the Emergence of Traveling Salesmen in
Switzerland, 1860-1920.” Business History Review 82 (4): 735-59. https://doi.
0rg/10.1017/S0007680500063182.

210



Rothbard, Murray N. 1963. America’s Great Depression. Princeton, N.J.: Van

Nostrand.
———.1983. The Mystery of Banking. New York, N.Y.: Richardson & Snyder.

———.1995. An Austrian Perspective on the History of Economic Thought. Vol. 2. 2
vols. Aldershot, Hants, England; Brookfield, Vt., USA: E. Elgar Pub.

Rothbard, Murray N. 2006. Economic Thought before Adam Smith. Repr. An
Austrian Perspective on the History of Economic Thought, Murray N.

Rothbard ; Vol. 1. Auburn: Ludwig von Mises Institute.

Royce, A. Singleton, and Bruce C. Straits. 2009. Approaches to Social Research. 5

edition. New York: Oxford University Press.

Rutherford, Adam. 2017. A Brief History of Everyone Who Ever Lived: The Stories in
Our Genes. Place of publication not identified: W&N.

Saliba, George. 2007. Islamic Science and the Making of the European Renaissance.
Cambridge, Mass.: MIT Press. http://site.ebrary.com/id/10173702.

Sarin, Shikhar. 2010. “First-Mover Advantage.” In Wiley International Encyclopedia
of Marketing. John Wiley & Sons, Ltd. https://doi.org/10.1002/9781444316568.

wiemo5058.

Schumpeter, Joseph A. 1934. The Theory of Economic Development: An Inquiry into
Profits, Capital, Credit, Interest, and the Business Cycle. Translated by Redvers
Opie. Cambridge, Mass.: Harvard University Press.

———.1939. Business Cycles: A Theoretical, Historical and Statistical Analysis of the
Capitalist Process. New York; London: McGraw-Hill Book Company.

———.1994. History of Economic Analysis. Edited by Elizabeth Boody Schumpeter.
London: Routledge.

Schutt, Russell K. 2001. Investigating the Social World: The Process and Practice of
Research. Thousand Oaks, Calif.: Pine Forge Press.

Schwartz, Stephen 1. 1998. Atomic Audit: The Costs and Consequences

211



of US Nuclear Weapons since 1940. Washington, D.C.: Brookings
Institution Press. http://search.ebscohost.com/login.
aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=489o0.

Schwarz, Hans-peter. 2010. “The Division of Germany, 1945-1949.” In The
Cambridge History of the Cold War - Volume 1: Origins, edited by Melvyn P
Leffler and Odd Arne Westad. Cambridge University Press.

Siettos, Constantinos, Cleo Anastassopoulou, Lucia Russo, Christos Grigoras,
and Eleftherios Mylonakis. 2015. “Modeling the 2014 Ebola Virus Epidemic
- Agent-Based Simulations, Temporal Analysis and Future Predictions for
Liberia and Sierra Leone.” PLOS Currents Outbreaks, March. https://doi.
org/10.1371/currents.outbreaks.8d5984114855fc425¢699erar8cdc6eg.

Simon, Herbert A. 1991. “Bounded Rationality and Organizational Learning.”

Organization Science 2 (1): 125-34-.

Smil, Vaclav. 2004. Enriching the Earth: Fritz Haber, Carl Bosch, and the
Transformation of World Food Production. MIT Press.

Smith, Adam. 1981. An Inquiry into the Nature and Causes of the Wealth of
Nations. Edited by R. H Campbell, Andrew S Skinner, and William B Todd.
Indianapolis: Liberty Fund.

Smith, Helmut Walser, ed. 2011. The Oxford Handbook of Modern German History.
Oxford: Oxford University Press.

Smith, John K., and David A. Hounshell. 1985. “Wallace H. Carothers and

Fundamental Research at Du Pont.” Science 229 (4712): 436—42.

Smith, Keith. 2005. “Measuring Innovation.” In The Oxford Handbook of
Innovation, edited by Jan Fagerberg, David C. Mowery, and Richard R. Nelson,
148-77. Oxford ; New York : Oxford University Press, 2005.

Smith, Woodruft D, and Mazal Holocaust Collection. 1986. The Ideological Origins

of Nazi Imperialism. New York: Oxford University Press.

Steen, Maarten van. 2010. Graph Theory and Complex Networks: An Introduction.

Place of publication not identified: Maarten van Steen.

212



Stern, Fritz. 2006. Five Germanys I Have Known. New York: Farrar, Straus and

Giroux.
———.20106. Einstein’s German World. Princeton University Press.

Stocking, George W., and Willard F. Mueller. 1955. “The Cellophane Case and the

New Competition.” The American Economic Review, 29-03.

Stokes, Raymond G. 2008. “From the 1G Farben Fusion to the Establishment of
BASF AG (1925-1952).” In German Industry and Global Enterprise: BASF: The
History of a Company, edited by Werner Abelshauser, Wolgang von Hippel,
Jeffrey Allan Johnson, and Raymond G. Stokes, 206-61. Cambridge, U.K. ; New
York: Cambridge University Press.

Stone, Norman. 2012. World War Two : A Short History. New York : Basic Books,

C2012.

Strogatz, Steven H. 2001. “Exploring Complex Networks.” Nature 410 (6825): 268~
76. https://doi.org/10.1038/35065725.

Sullivan, Mary A. 2006. “Living with the U.S. Financial System: The Experiences
of General Electric and Westinghouse Electric in the Last Century.” Business

History Review 80 (4): 621-55. https://doi.org/10.2307/25097204.

Sweezy, Paul M. 1943. “Professor Schumpeter’s Theory of Innovation.” The Review

of Economics and Statistics 25 (1): 93-906. https://doi.org/10.2307/1924551.

Tacitus, Cornelius. 1900. The Germany and the Agricola of Tacitus: The Oxford
Translation, Revised with Notes. New York: Hinds, Noble & Eldredge.

Talapatra, Sunil Kumar, and Bani Talapatra. 2015. Chemistry of Plant Natural
Products: Stereochemistry, Conformation, Synthesis, Biology, and Medicine.
Springer.

Tammen, Helmuth. 1978. Die 1.G. Farbenindustrie Aktiengesellschaft (1925-1933): ein
Chemiekonzern in der Weimarer Republik. Berlin: H. Tammen.

Tannenbaum, Arnold S. 1962. “Control in Organizations: Individual Adjustment

and Organizational Performance.” Administrative Science Quarterly 7 (2): 236-57.

213



https://doi.org/10.2307/2390857.

Tassava, Christopher. 2008. “EH.Net Encyclopedia.” Edited by Robert Whaples.
The American Economy during World War 1. http://eh.net/encyclopedia/the-

american-economy-during-world-war-ii/.

Tattersall, lan. 2013. Masters of the Planet: The Search for Our Human Origins. New
York, N.Y.: Palgrave Macmillan.

Taylor, Frank Sherwood. 1957. A History of Industrial Chemistry. Abelard-Schuman.

Taylor, Frederick Winslow. 1967. The Principles of Scientific Management. New
York: Norton.

Taylor, George Rogers. 1951. The Transportation Revolution, 1815-1860. New York:
Rinehart.

Taylor, Graham D, and Patricia E Sudnik. 1984. DuPont and the International
Chemical Industry. Boston, Mass.: Twayne. http://books.google.com/
books?id=_TWIAAAAIAA].

Teece, David J. 1980. “The Diffusion of an Administrative Innovation.”

Management Science 26 (5): 464-70.

———. 1981. “Internal Organization and Economic Performance: An Empirical
Analysis of the Profitability of Principal Firms.” The Journal of Industrial
Economics 30 (2): 173. https://doi.org/10.2307/2098201.

TerMeer, Fritz. 1953. Die 1.G. Farbenindustrie Aktiengesellschaft: Ihre Entstehung,
Entwicklung und Bedeutung. Diisseldorf: Econ-Verl.

The New York Times. 1955. “l. G. Farben Clean-up to Be Left to Bonn,” January 15,
1955. http://www.nytimes.com/1955/01/15/archives/i-g-farben-cleanup-to-be-
left-bonn.html.

Tidd, Joe, and John Bessant. 2016. Managing Innovation: Integrating Technological,

Market and Organizational Change. Chichester, West Sussex: Wiley.

Tollin, Karin, and Antonella Carl. 2008. Strategic Market Creation: A New

Perspective on Marketing and Innovation Management. Chichester: John Wiley
214



& Sons.

Travers, Jeffrey, and Stanley Milgram. 1969. “An Experimental Study of the Small
World Problem.” Sociometry 32 (4): 425-43. https://doi.org/10.2307/2786545.

Tsai, Wenpin. 2001. “Knowledge Transfer in Intraorganizational Networks: Effects
of Network Position and Absorptive Capacity on Business Unit Innovation

and Performance.” Academy of Management Journal 44 (5): 996-1004. https://
doi.org/10.2307/3069443.

Tutte, W. T. 1963. “How to Draw a Graph.” PLMS Proceedings of the London
Mathematical Society s3-13 (1): 743-67.

Tyson, Neil deGrasse, Michael A. Strauss, and J. Richard Gott. 2016. Welcome to

the Universe: An Astrophysical Tour. Princeton University Press.

United Nations War Crimes Commission. 1947. “Law Reports of Trials
of War Criminals.” London: Published for the United Nations War
Crimes Commission by H.M.S.O. http://www.heinonline.org/HOL/

Index?index=trials/lrtwc&collection=trials.

Van de Ven, Andrew H. 2008. The Innovation Journey. Oxford; New York: Oxford
University Press. http://books.google.com/books?id=P500AQAAMAA].

Verg, Erik, Gottfried Plumpe, and Heinz Schultheis. 1988. Milestones. Leverkusen;

Cologne: Bayer ; Distribution, Informedia.

Waller, Peter. 1928. Probleme der deutschen chemischen Industrie. Halberstadt: H.
Meyer’s Buchdruckerei. http://books.google.com/books?id=CSpDAAAAIAA].

Walsh, James P., and Gerardo Rivera Ungson. 1991. “Organizational Memory.” The

Academy of Management Review 16 (1): 57-91. https://doi.org/10.2307/258607.

“Web of Science.” 2016. 2016. http://ipscience.thomsonreuters.com/product/web-

of-science/.

Weber, Max. 1958. The Protestant Ethic and the Spirit of Capitalism. New York:
Scribner.

215



Weinberg, Gerhard L. 1980. The Foreign Policy of Hitler’s Germany: Starting World
War 11, 1937-1939. Chicago: University of Chicago Press.

Weinberg, Gerhard L. 1995. A World at Arms: A Global History of World War I1.

Cambridge University Press.

Wellman, Beth. 1926. “The School Child’s Choice of Companions.” The Journal of

Educational Research 14 (2): 126-32.
White, Lynn. 1962. Medieval Technology and Social Change. Oxford: Clarendon Press.

Wilkie, Jane Riblett, Myra Marx Ferree, and Kathryn Strother Ratcliff. 1998.
“Gender and Fairness: Marital Satisfaction in Two-Earner Couples.” Journal of

Marriage and Family 60 (3): 577-94. https://doi.org/10.2307/353530.

Wilkins, Mira. 2004. The History of Foreign Investment in the United
States, 1914-1945. Harvard Studies in Business History 43. Cambridge,
Mass: Harvard University Press. http://search.ebscohost.com/login.
aspx’direct=true&scope=site&db=nlebk&db=nlabk&AN=2820069.

Wilkinson, Norman B. 1984. Lammot Du Pont and the American Explosives Industry,
1850-1884. Charlottesville, VA: Published for the Eleutherian Mills-Hagley

Foundation by the University Press of Virginia.

Williamson, Oliver E. 1985. The Economic Institutions of Capitalism: Firms, Markets,

Relational Contracting. New York; London: Free Press ; Collier Macmillan.
Winfree, Arthur T. 2001. The Geometry of Biological Time. New York: Springer.

Wolfe, Richard A. 1994. “Organizational Innovation: Review, Critique and
Suggested Research Directions®.” Journal of Management Studies 31 (3): 405-31.
https://doi.org/10.1111/j.1467-6486.1994.tb00624.X.

Wolff, Joshua. n.d. Western Union and the Creation of the American Corporate Order,
1845-1893. Accessed April 3, 2018. https://www.cambridge.org/core/books/
western-union-and-the-creation-of-the-american-corporate-order-18451893/
D96207D9AA361EDFE495AAF820B29D24#fndtn-references.

Yang, Wan, Wenyi Zhang, David Kargbo, Ruifu Yang, Yong Chen, Zeliang Chen,

216



Abdul Kamara, et al. 2015. “Transmission Network of the 2014-2015 Ebola
Epidemic in Sierra Leone.” Journal of The Royal Society Interface 12 (112):
201505306. https://doi.org/10.1098/rsif.2015.0536.

Yount, Lisa. 1997. Antoine Lavoisier: Founder of Modern Chemistry. Springfield, NJ:
Enslow Publishers.

Yu, Howard H., and Willy C. Shih. 2014. “Taiwan’s PC Industry, 1976-2010: The
Evolution of Organizational Capabilities.” Business History Review 88 (2): 329-

57. https://doi.org/10.1017/S000768051400005T.
Ziegler, Philip. 1969. The Black Death. New York: John Day Co.

Zweig, Stefan. 1999. Decisive Moments in History: Twelve Historical Miniatures.

Translated by Lowell A Bangerter. Riverside, Calif.: Ariadne Press.

217



APPENDICIES

A. KEYWORDS

Keywords shown below are used during web and database research for both 1G
Farben and Du Pont

E.I. du Pont de Nemours & Company.

Accidents, Prevention.

Blasting.

Business enterprises--History.

Business enterprises--Periodicals.

Chemical industry--Periodicals.

Chemicals--Catalogs.

Chemistry.

Chemistry--Technical history.

Chemistry, Technical--Periodical.

Clippings (Books, newspapers, etc.)

Commercial catalogs.

Corporation reports.

Corporations--Investor relations--United States.

Diagnostic laboratory tests.

Elastomers.

Employees’ magazines, newsletters, etc.

Engineering--Materials.

Explosives.

Plastics.

Polyesters.

Polyethylene.

Polymers.

Research, Industrial.

Safety education.

Science--Research.

Scientists.

Solvents.

Synthetic products.
Textile fibers, Synthetic.
Thermoplastics.

Trade literature.
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Trademarks.

Delaware--Industries.

Du Pont family.

Agricultural chemistry.

Chemistry, Organic.

Chemistry, Physical and theoretical.

Interessengemeinschaft Farbenindustrie Aktiengesellschaft--History.

Hoechst AG--History.

World War, 1939-1945--Atrocities.

Chemical industry--Political aspects--Germany--History--20th century.

E.I. du Pont de Nemours & Company. Elastomer Chemicals Department--History.

Imperial Chemical Industries, Itd.

Interessengemeinschaft Farbenindustrie Aktiengesellschaft.

Rubber, Artificial.

Neoprene.

Dyes and dyeing--Chemistry.

Dyes and dyeing--Germany.

Dye industry--Germany.

World War, 1939-1945--Technology.

Chemical industry--Germany.

Phenol.

Resorcinol.

Anthracene.

Carbazole.

Technology--Germany.

Butadiene industry.

Carbon-black.

Rubber chemicals.

Hounshell, David A. Science and corporate strategy: Du Pont R & D, 1902-1980.

Abbott Laboratories.

E.Il. du Pont de Nemours & Company. Ammonia Department

E.L. du Pont de Nemours & Company. Biochemicals Department

E.I. du Pont de Nemours & Company. Cellophane Division.

E.Il. du Pont de Nemours & Company. Central Research Department.

E.l. du Pont de Nemours & Company. Chambers Works.

E.l. du Pont de Nemours & Company. Chemical Department.

E.l. du Pont de Nemours & Company. Chestnut Run Laboratories.

E.Il. du Pont de Nemours & Company. Development Department.

E.l. du Pont de Nemours & Company. Eastern Laboratory.

E.L. du Pont de Nemours & Company. Employee Relations Department.

E.I. du Pont de Nemours & Company--Employees.

E.l. du Pont de Nemours & Company. Engineering Department.
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E.IL. du Pont de Nemours & Company. Executive Committee.

E.L. du Pont de Nemours & Company. Experimental Station.

E.IL. du Pont de Nemours & Company. Explosives Department.

E.Il. du Pont de Nemours & Company. Fabrics and Finishes Department

E.l. du Pont de Nemours & Company. Grasselli Chemicals Department.

E.L. du Pont de Nemours & Company. Organic Chemicals Department.

E.L. du Pont de Nemours & Company. Photo Products Department

E.l. du Pont de Nemours & Company. Pigments Department

E.Il. du Pont de Nemours & Company. Plastics Department (1962-1970).

E.L. du Pont de Nemours & Company. Polychemicals Department

E.Il. du Pont de Nemours & Company. Public Relations Department

E.I. du Pont de Nemours & Company. Rayon Department

E.l. du Pont de Nemours & Company. Textile Fibers Department

Eastman Kodak Company.

Endo Laboratories.

General Electric Company.

General Motors Corporation.

Hercules Incorporated.

Jackson Laboratory (E.l. du Pont de Nemours & Company).

Lazote, Incorporated.

Manhattan Project (U.S.).

Massachusetts Institute of Technology.

Rohm and Haas Company.

Union Carbide Corporation.

Acetates.

Ammonia.

Bonus system.

Cellophane.

Chemical engineering.

Dacron.

DDT (Insecticide).

Dyes and dyeing.

Fluoropolymers.

Leather, Artificial.

Lucite.

Magnetic tapes.

Methyl methacrylate.

Methanol.

Methylamines.

Musk.

Nylon.

Orlon.
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Patents.

Pharmaceutical industry.

Polymerization.

Polypropylene

Rayon.

Safety glass.

Silicon.

Urea.

Carothers, Wallace Hume, 1896-1937.

Du Pont, Irénée, 1876-1963.

Greenewalt, Crawford H., 1902-1993.

Hayden, Oliver M. (Oliver Mills), 1893-1991.

Hueper, Wilhelm.

Jackson, Oscar R. (Oscar Raymond), 1855-1916.

Maxim, Hudson, 1853-1927.

Runge, Otto, 1881-

Schupphaus, Robert C., b. 1861.

Sparre, Fin, 1879-1944.

American Telephone and Telegraph Company.

Atlas Powder Company.

Beyer-Semsan Company.

Directors of Industrial Research (U.S.).

E.l. du Pont de Nemours & Company. Central Research and Development Department

E.l. du Pont de Nemours & Company. Chemical Department

E.L. du Pont de Nemours & Company. Development Department

E.IL. du Pont de Nemours & Company. Grasselli Chemicals Department

E.L. du Pont de Nemours & Company--History.

E.IL. du Pont de Nemours & Company. Organic Chemicals Department

Hercules Powder Company.

Krebs Pigment & Chemical Company.

Antifreeze solutions.

Chemical industry--United States--History.

Cordura rayon tire cord.

Cronar polyester film.

Gunpowder, Smokeless.

Mylar polyester film.

Polyethylene terephthalate.

Research, Industrial--United States--History.

Stabillite (Propellant).

Tetraethyllead.
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B. TURKISH SUMMARY/TURKCE OZET

Yaklasik 60.000 yil Once, Homo Sapiens kendi “bagimsizligini” ilan ederek
dogada kendini kesfetti, boylelikle maddi uygarligimizin temelleri atilmig oldu .
Giintimiize kadar maddi uygarligimizda bir¢ok yeni seyler kesfedildi. Bu kesiflerin
en Onemlilerini ise kisa sayilabilecek bir zaman diliminde yapildi. Bu zaman dilimi
gecmis 300 yildaki teknolojik, bilimsel ve yenilikleri kapsamaktadir. imparatorluk
caginin sonuna gelindiginde ulus devletlerin daha sistematik bilimsel ve teknolojik
calismalar1 tesvik etmesiyle, hizlanmaya baglayan bu siire¢ Birinci Diinya Savag1 ve
ikinci Diinya Savas1 sirasinda ise en “yiiksek” noktalarina ulasmistir (E. J. Hobsbawm
1994). Bu noktada, kesiflerin ve “agiriliklarin” yagsandigi bu donem sonucunda kimya,
elektrik-elektronik ve uzay alaninda devrimsel nitelikte gelismeler yasanmustir.
Ozellikle 1800’lerde, kimya bilimindeki ilerlemenin materyal, petrol, ilag gibi bircok
alani da beraberinde gelistirdigi gozlemlenmistir. Literatiirde ilerlemenin boyutu ve
ekonomiye katkilar1 tizerine 6nemli sayida eser vardir. Bunlarin bazilar1 ekonomik
gelismelerin temellerini irdeleyen, bazilar1 ise kiiltiirel ve cografi boyutlar ile
ilgilenen ¢alismalardir. Bu ¢aligmalar temelde su soruya cevap aramaktadir: “Neden
bazt tilkeler zengin, digerleri fakir?”. Elbette bu sorunun yaniti bir¢ok disiplinin smirlar
icinde verilebilecegi gibi disiplinler arasi ¢alismalar da soruya bilimsel bir yanit
verebilirler. Bu noktada, gelismelerin ekonomik ve bilimsel temellerini irdelemenin
“yenilik literatiirii” agisindan 6nemli bir ugras olacag: diisiiniilmektedir. Bu noktadan
hareketle, bu tezin ana konusunu olusturan kimya alanindaki gelismelerin mikro
analizi genel ¢at1 sorusunun bir kismini anlamak agisindan mithim olacaktir. Tezin
arastirma sorusu ve hipotezleri, neden ekonomik farkliliklar (divergence) var ve neden
bazi tilkeler digerlerine gére ekonomik, bilimsel ve teknolojik anlamda geridedir? Sorusu
ile birlikte diisiintilmiistiir. Bu nedenden dolay1 secilen {ilkeler ve firmalar analiz
edilirken bu “farkliliklarin” temellerine de sorular sorularak cevaplar aranmustir.
Tezin ayrintilara ge¢meden once literatiirde 6nemli ¢alismalarin bir kismindan
bahsetmek gereklidir. Teknolojik farkliliklarin temellerini tarihsel anlamda
gecmise bakarak analizlerini yapan onemli iktisat tarihgileri Mokyr ve Landes, bu
farkliliklarin kiiltiirel ve sosyal kokenlerini c¢alismalarinda irdelemislerdir . Buna
gore bir¢ok faktoriin de etkili oldugu halde “kiiltiir” ve “gelistirilmis kurumlarin”
kalkinma stirecinde iilkelerde farklilik yarattigini savunmuslardir. Bu ¢aligmalara ek

olarak, cografya faktoriiniin ekonomik ve teknolojik gelismeye etki ettigini savunan
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Jared Diamond, tilkelerin ekvatora yakin yerlere yakin cografyalarda kuzeye nazaran
daha az teknolojik gelisme kaydedebildiklerini ¢caligmasinda savunmustur (Diamond
1997). Diger tarafta kurumsal (hukuk, para, finans) manada iilkelerin tercihlerinin,
teknolojik kaderlerini belirledigini savunan goriislerde mevcuttur. Buna gore, bir
tilkenin ne kadar kapsayict kurumlar: (inclusive) varsa o tilkenin yenilik ve teknolojik
gelismesinin yiiksek olacagi ileri siiriilmektedir (Acemoglu and Robinson 2012).
Bu ¢alismalara ek olarak, literatiirde farkliliklarin temelini daha mikro faktorleri
inceleyerek cevap vermeye calisan mithim eserler vardir. Joseph Schumpeter’in
yenilik ve firma analizi bu anlamda literatiire bir katki olmus ve ondan sonra gelen
caligmalar da etkilemistir. Schumpeter’a gore ilerleme siirecinin dogrusal olmamasi
bu nedenle de siirekli yenilik gibi bir durumun bir ekonomi i¢in gergek olmayacagini
ileri stirmiistiir (Schumpeter 1994). Bu nedenle, gelismelerin temelleri ekonominin
en mikro aktorlerine bakarak anlagilabilirdi. Teknolojik ve bilimsel gelismelerin
kaynaklarini evrimsel anlamda incelemenin literatiire 6nemli katkilar1 olmustur.
Freeman, Mowery ve Nelson gibi yazarlar buradan hareketle bilimsel ve ekonomik
gelismelerin farkliliklarini iilke, sektor ve firma boyutunda anlamaya calismiglardir
(C. Freeman and Soete 1997; Mowery and Nelson 1999; Nelson and Rosenberg 1993).
Literatiirdeki bu ¢aligmalar temelde yine ayn1 ¢at1 sorusunun cevabini aramaktadir.

Bu noktadan hareketle bu ¢alismanin ana konusu sekillendirilmistir.

Bu Tiirk¢e 6zet (orijinali Ingilizce yazilmistir) yeniden yazilarak su baghklari
icermektedir: tezin arastirma sorusu, amaci, kullandig metodoloji, literatiire katkist,
temel bulgular, boliimlerin 6zetleri ve arastirma kisitlar1. Buna gore sonrakibasliklarda

tez hakkinda daha detayli bilgiler ve arastirma sonuglarina yer verilecektir.

1.1 Tezin Arastirma Sorusu

Bu tezin temelde bir arastirma sorusu ve alt aragtirma sorular1 vardir. Tezin ana
konusu yirminci yiizyil baslarinda 6zellikle Avrupa’da baslayan kimya alanindaki
gelismelerin firma bazinda incelenmesidir. Bu incelemenin daha dar bir ¢ercevede
detayl: yapilabilmesi adina firma bazinda bir se¢im yapilmistir. Buna gore iki farkl
cografyada faaliyet gosteren iki farkli basarili 6rnek secilmistir. Bunlar Alman
kimya tireticilerinin (BASF, Bayer, Hoechst, AGFA) bir araya gelerek olusturduklari
1G Farben ve 1800’lerden beri Amerika'nin en biiyiik dinamit ve barut {ireticisi olan
Fransiz temelli Du Pont'dur. Bu sirketlerin daha iyi analiz edilebilmesi i¢in 1925 ve
1945 yillar1 arasindaki faaliyetlerine bakilmistir. Bu konu ¢ergevesinde sirketlerin
yenilik performanslarinin farkliliklarinin kaynaklar1 ve etkili faktorlerin analizi

arastirma konusu olmustur. Tezin ana konusu su arastirma sorusu ile ¢aligilmistir:
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AS (1): Neden ve Nasil 1925 -1945 arasinda farkli cografyalarda faaliyet gosteren
IG Farben ve Du Pont sirketlerinin yenilik performanslar: farklilasmigstir?

Bu soruya ek olarak alt arastirma sorulart da ortaya ¢iknugtir:

AS (a): Ulkelerin tarihsel gecmisinin arastirma ve gelistirme faaliyetleri
agisindan firma diizeyinde etkisi nedir?

AS (b): Firmalarin spesifik politikalarinin kendilerine has performans
gostermeleri yoniinde etkili olmus mudur?
Tiim bu sorularin cevaplarini bulmak adina tezin konusu irdelenmistir. Buna gore
bir¢ok faktoriin yani sira iki 6nemli faktor 6n plana ¢ikmistir. Bunlar firmalarin
arastirma ve bilimsel faaliyetleri ve yonetimsel organizasyonlar: olarak saptanmigtir.
Bu sorularin cevaplart bu boliimlerde incelenmistir. Temel bulgulara gore
farklilasmanin baslangici bu iki faktoriin detayli analiziyle ortaya ¢ikmaktadir.
Bu bulgular tezin boliimlerine yer verilen bagliklarda agiklanacaktir. Bir sonraki

baslikta tezin yapilma amacina yer verilecektir.

1.2 Tezin Amaci

Bu tezin iki temel amaci vardir: birincisi, arastirma sorularina cevap bularak
literatiire katki saglamayr hedeflemektir. Bu ana amacin diginda literatiirde
kargilagtirmali, tarihsel vaka caligmalarinin az olmasindan o6tiirli, yapilan bu
calismanin yapilmasi gerekliligidir. Daha yalin bir ifadeyle, yenilik literatiiriinde
kargilagtirmali vaka calismalar giincel firmalar ve sirketler i¢in ¢ogunlukla yapilar
olsa da tarihsel anlamda, ge¢mise doniik konular genellikle tercih edilmemektedir.
Buradan hareketle, tezin arastirmasmna baglanmistir. Ikincisi ise tezin konu
aldig1 sirketlerin arastirma ve bilimsel aktivitelerinin spesifik incelenerek yenilik
performanslarini nasil etkiledigini tarihsel verilere dayanarak gostermektir. Bu
amag tezin ana konusunda var olan spesifik donem icin arsiv ve ikincil kaynak

taramasiyla birlikte gerceklestirilmigtir.

1.3 Metodoloji

Calismanin baginda tarihsel metodolojilerin kullanilmasi planlansa da bu ¢alismada
temelde karsilastirilmali vaka metodu kullanilmigtir. Daha yalin bir ifadeyle, her
iki sirketin 20 yillik faaliyetlerinin tarihsel arastirilmasi ve hem genel literatiirle
hem de kendi i¢inde karsilagtirilmistir. Genel olarak aragtirma ii¢ temel asamaya

ayrilmistir. Buna gore oncelikle onciil aragtirma yapilip veri kaynaklari saptanmis,
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daha sonrasinda bu kaynaklar i¢in uzman (arsivci, tarihgi) goriisii de alinarak
daha detayl arastirma yapilmistir. Bu detayli arastirma sonucunda ortaya ¢ikan
kaynaklara erisim i¢in gerekli detaylar tartisilip, kaynaklara ulagilmigtir. Bu noktada
Almanya ve ABD igin farkli iki senaryo uygulanmistir. Oncelikle Almanya'da olan
kaynaklarin yerleri tespit edilmis ve bu arsivlerin mail atilarak veri hakkinda giincel
bilgi talep edilmistir. Buna gore, Berlin, Koblenz'deki devlet arsivleri (Bundesarchiv)
ile ilk temas kurulup, gerekli seyahatler gerceklestirilmistir. Bu arsivlerde genel
anlamda sirkete ait istatistiki bilgiler bulunsa da daha detayl: bilgiler, faaliyetlerine
devam eden (BASF, Bayer) gibi firmalarin 6zel arsivlerinde saklanmaktadir. Bu
nedenden dolay1 Leverkusen'de Bayer sirketi ile elektronik posta yoluyla iletisime
gecilmistir. Onlarin ellerindeki bazi veriler talep edilmistir. Ayrica Frankfurt'ta
Hoechst ile iletisime ge¢ilmis ve veri kaynaklarinin akibeti sorulmustur. Dogru
verilerin ¢ogunlugu eskiden 1G Farben’in yonetim binasi, simdi ise Frankfurt
Universitesi’nin kullandig1 yerin kiitiiphanesinde bulunmaktadir. Burada 5 giinliik
bir ¢alisma ile verilerin ¢ogunun fotograflar1 ¢ekilmistir. Daha sonra Tiirkiye'ye

dondiikten sonra diizenlenmek ve temizlenmek iizere ¢alisma tamamlanmugtir.

Amerika ¢aligmalari iginse farkli bir yol izlenmistir. Buna gore, hala faaliyetlerine devam
eden Du Pont’un 6ncelikle Tiirkiye ofisi ile goriisiilmiis ve referans alinarak ABD’deki ofise
gereken veriler i¢in iletisime ge¢ilmistir. Du Pont sirketinin ge¢mis arsivi Hagley Museum
adi altinda kisa bir siire 6nce dijitale dontistiiriiliip internet ortamina yiiklenmistir. Cogu
arsiv verisine bu yolla ulagilmistir. Verilerin biiyiik bir kism1 kullanmaya hazir ve temiz
olmakla beraber bazilarinin detayli okumalara yaparak ortaya ¢ikarmak gerekmistir. Bu

calismalarin bir 6zeti agagida Tablo r'de verilmistir.
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Tablo 1: Arsivlerin Yerleri ve iceriklerinin Ozetleri

Zaman
Firmalar . Aktiviteler Kaynaklar
Dilimi
Kimya mithendisligi, Dijital kataloglar Hagley Museum ve
DuPont 1802 - 2015" Malzeme bilimi, Kiitiiphanesi, Delaware
Tarim, Gida ve Firma 6zel arsivleri, Wilmington
tekstil
Staatsbibliothek zu Berlin, Berlin
Bibliothek der Humboldt-Universitiit,
Boya, Kimya Berlin
1G Farben | 1925 - 1945 | prosesleri, Organik | Library of Goethe University, Frankfurt
kimya, ilag BundesArchiv (1925 - 1939), Koblenz
BundesArchiv (1939 - 1945), Berlin
The Fritz Bauer Institute (Wollheim
Memorial) Archives, Frankfurt
Organik ve . . .
] o Firma 6zel arsivleri
BASF 18605 - 1925 | inorganik kimya, ) )
(Unternehmenarchiv, Ludwigshafen)
Boya, Soda
B 86 Ilag ve cesitli Firma 6zel arsivleri (Bayer
ayer 1863 - 192
y 371925 kimyasallar Werkarchiv, Leverkusen)
Gorsel, bask1 Firma 6zel arsivleri (Cologne)
AGFA 1867 - 1925 . .
sistemleri

Dow Chemicals ile Du Pont’un birlesme tarihini gostermektedir.

Bulunan verilerin temizligi ve diizenlenmesi yapildiktan sonra, boliimlerdeki ilgili

yerlere aktarimi yapilmistir. Tezin igerisinde verilerin yogunlugu ve analizlerde

gosterilmek istenilen iliski boyutu diistiniildiiglinde, network analizinin mantikli

bir arag¢ olacag diisiiniilmiis, buna gore piyasadaki network programlarindan cesitli

denemeler yapilarak Graphcommons programi bu analizler i¢in kullanilmistir. Bu

tercihin ana nedeni programin kullandig1 algoritmanin gorsel anlamda daha hizli ve iyi

sonuglar vermesinden kaynaklanmaktadir. Buna gore Force Atlas 2 algoritmasi noktalari

birbirine daha uygun ve hizli bir bicimde dagitmaktadir. Verinin sayisina gore yapilan

bu tercih, ilgili boliimlerde kullanilmak tizere analize dahil edilmistir. Ayrica kullanilan

bu aracin temel amaglarindan bir tanesi de birbiriyle iligkili degiskenlerin gosteriminde

kolaylik saglamasidir. Buna gore, iiriin ve tiriin kullanici iligkileri matematiksel anlamda

dagitildiginda ¢ikan grafigin daha manali analizlere yardimci olmasi s6z konusudur.
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Son olarak, kullanilan metrikler ve bunlarin anlamlar1 tezin orijinalinde ayrintili
bir bigimde anlatilmaktadir. Buradan hareketle tutarli bir ¢calisma yapilmasi adina,
toplanan veriler 6zenle temizlenip, siniflandirilmistir. Ek olarak, ¢alismanin konu
aldig1 donem itibariyle nadir ve zor bulunan eksik veriler, literatiirde var olan 6nde
gelen arastirmacilarin ¢aligmalariyla (Haber 1958, 1971; Reader 1970) ¢apraz kontrol

edilerek ¢alismaya dahil edilmistir.

1.4 Yenilik ve Literatiire Katki

Tezin ana konusunu olusturan yenilik performanslarinin kargilagtirilmas: hususunda, lite-
ratiirde azimsanmayacak sayida ¢aligmalar vardir. Fakat her ¢alismanin kendine has meto-
du ve aragtirma oriintiileri olmaktadir. Bu ¢aligmay1 digerlerinden farkli kilan iki 6nemli
husus s6z konusudur. Birincisi, arastirma konusunun kapsadigr dénemde incelenen sir-
ketlerin kargilastirilmasu. ikincisi ise, bu aragtirma sorulari i¢in kullanilan verilerin birincil
kaynaklardan edinilmesi ve bu verilerin analizinde ara¢ olarak network yaziliminin kulla-
nilmasidir. Bu iki yenilik literatiirdeki konulardan bir tanesi olan yenilik performans: ana-
lizlerine farkli akademik katkilar saglanmasina olanak tanimigtir. Buna gore, ¢alismanin
bulgular1 genel anlamda 3 grupta toplanabilir: organizasyon yapisi ve yonetimsel farklilas-
malar, arastirma ve gelistirme faaliyetlerinin yapilis bi¢imi, tarihsel ge¢gmisin ve kurumla-
rin 6nemi. Bu bulgularin destekledigi argiimanlarla arastirma sorusuna cevap verilmistir.
Buna gore, iki farkli iilkede, ayn1 sektorde faaliyet gosteren iki firmanin farklilagmasinin

bes temel sebebi bulunmaktadir:

1. Organizasyon yapilarinda var olan merkeziyetc¢i ve merkeziyet¢i olmayan

unsurlar.
2. Arastirma ve bilimsel faaliyetler siirecinde firmalarin izledikleri stratejiler.

3. Ulkelerinin ekonomik giicii ve dogal kaynaklar ile alakali gelistirilen

stratejiler.
4. Disa agiklik ve rekabet.

5. Kurumlarin etkisi ve bu kurumlarin digsaridan miidahalelerle sekillenip

yeniden firmalari etkilemesi.

Bu bulgularin her biri 6zet olarak yukarida sunulmustur. Bir sonraki baglikta bu
bulgularin tezin boliimleri kapsaminda detayli bilgileri verilecektir. Bu bilgilerden
once bu bashgin ana konusu olan tezde bulunan bulgularin literatiire kattig
yenilikler arasinda sOylenilmesi gerekenler bulunmaktadir. Bu sebeple, literatiir
taramasi yapilirken her bir boliimiin kendi icerisinde boliim kapsami sinirlarinda bir
literatiir 6zeti ¢ikarilmistir. Bu 6zetle literatiirde eksik kalmig yahut g6z ardi edilmis

hususlar belirtilip, teorik altyapilar olusturulmustur. Bu altyapilarin destekledigi
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arglimanlar sayesinde de bulgular sunularak yenilik¢i yahut islenmemis, kendine
has yerlerin alt1 ¢izilmistir. Boylece, literatiire katki sunulmustur. Unutulmamasi
gereken hususlardan bir tanesi bu calismanin konu aldigi donemde benzer

calismalar bu kapsayicilikta yapilmamustur.

1.5 Tezin Taslagi ve Boliim Ozetleri

Bu tez toplamda sekiz boliimden olusmaktadir. Bu boliimler sirasiyla: giris,
metodoloji, teorikvetarihselarkaplan, firmalarintarihleri, firmalarin organizasyonel
yenilik ve yonetimsel aktiviteler, arastirma ve yenilik aktivitelerin etkileri ve son
olarak sonug. Bu boliimlerin her biri kendi i¢inde giris ve sonug boliimleri olan ve
literatiir 6zeti yapan bir tasarim olarak kurgulandi. Bu basligin altinda bdliimlere

iliskin 6zet bilgiler verilecek ve kisa kisa her birinden bahsedilecektir.

Girig boliimiinde, genel olarak tezin amaci, aragtirma konusu, amaci ve boliimlerin
ozetleriyle bulgulara yer verilmistir. Bulgularin her bir boliim i¢inde nasil incelendigi
ve bunlarin hangi metotlarla desteklendiginin 6zeti bu boliim igerisinde verilmisgtir.
Girisin icerisinde herhangi bir literatiir 6zeti yapilmamis sadece genel hatlariyla

konunun se¢imi noktasindaki mantiksal arka plana yer verilmistir.

ikinci béliim metodolojinin ve verilerin analiz edilmesi icin gerekli olan araglarin
nasil secildigi ve neden secildiginin anlatildigi boliimdiir. Buna gore bu tezin
metot olarak tercih ettigi metot karsilastirmali vaka analizi olarak ifade edilebilir.
Bu metot ile segilen iki farkli vakanin tarihsel ve ekonomik kargilagtirilmasi,
birincil ve ikincil kaynaklardan yararlanarak bazi matematik temelli araglarin
kullanilmasiyla miimkiin olmustur. Buna gore detayl bir ¢caligma 6ncesinde neler
yapildiginin 6zetinin verildigi bu boliime ek olarak kullanilan araglarin niteligi ve
secim kriterleri de eklenmistir. Temelde bu tezde elde edilen verilerin gosterimi
iki sekilde yapilmistir. Birincisi, verilerin kantitatif 6zellikli olusundan dolay:
analize dogrudan dahil edilmesi tercih edilmistir. ikinci olarak ise, verilerin bazilar1
iliskisel 6zelliklerinden dolay1 (6rnegin: kullanici ve iiriin tercihleri arasindaki iligki)
network (ag) veri programlar1 kullanilmistir. Bunun sonucunda elde edilen bilgiler
kargilagtirma analizine dahil edilmis ve ilgili boliimlerde sunulmustur. Metot
boliimii icerisinde secilen network yazilimlariin 6zellikleri, algoritma temeli,
kullanigli olup olmamasi gibi bilgilere yer verilerek, paket yazilimlar arasindan
nasil secim yapildig1 vurgulanmistir. Bunun soncunda, bu tezde kullanilan araglara
uygun en iyi yazilim internet (web) temelli Graphcommons yazilimidir. Bir kismi
actk kaynak olan yazilimin secilmesindeki en 6nemli iki husus s6z konusudur.

Birincisi, programin dayandigi Forceatlas 2 algoritmasidir. Bu algoritmaya gore
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grafiklerin dagitim ve iligkilerin ortaya ¢ikarilmasinda daha hizli bir matematiksel
algoritma kullanilmaktadr. Ikincisi ise, yazilminin dayandig1 altyapinin kullanim
kolayligidir. Diger yazilimlar (Gelphi, Pajek) detayli bilgiler sunsa da kullanim
acisindan kolay ve kullanici-dostu degillerdir. Bu sebepten otiirii karmasik aglarin
gosteriminde daha kolay bir kullanici ara yiizii olan programi kullanmak i¢in tercih
edilmistir. Metot boliimiinde bunlara ek olarak, neden grafiksel veri onemlidir?
ve neden kullanilmaktadir? Sorularina cevap bulmak amaciyla, tarihsel anlamda
grafiksel verilerin ortaya ¢ikisi ve kullanilis amaglari, bigimleri 6zetlenmistir. Bu
dogrultuda, tezin konusunu olusturan vakalarin grafiksel veriye uygun yerleri

tartisilip, ortaya ¢ikan argiimanlarla desteklenmigtir.

Son olarak, metodoloji boliimiinde ayrintili olarak veri toplama sekillerine ve bu
verilerin nasil iglenip kullanilacak hale getirildigine iligkin bilgilere yer verilmistir.
Bu hususta, iki ayr iilke basligi altinda sozii gegen verilerin alan ¢aligmasi ile nasil
elde edildikleri 6zetlenip, tartisilmigtir.

Uciincii béliim makro analizi iceren ve tezin konusuna teorik ve tarihsel arka
plani saglayan siireci irdeleyen boliimdiir. Bu boliimde genel hatlariyla iki
tilkenin ekonomik kalkinmalarinda s6z konusu olan 6nemli faktorlerin tarihsel
kronolojisine yer verilmistir. Bu kronolojide se¢ilim yapilirken s6z konusu tarihsel
arka plan 1500’lerden 1900’lere kadar uzanmaktadir. Unutulmamalidir ki, bu arka
planin se¢imi yapilirken Amerika ve Almanya’nin dayandigi ekonomik kalkinma
stireglerinin analizi yapilip, kurumlarin bu firmalarin ve sektorlerin olusmasindaki
etkileri tartisilmistir. Bu noktada, bu tarihsel arka planin bilim ve arastirma kiiltiirii
acisindan ne kadar 6nemli oldugu, bilim mirasinin nasil sektore giden yolda pratik
amaglarla kullanilacak iiriinlere déniistiigii incelenmistir. Ozellikle, Alman egitim
sisteminin nasil ge¢misten 1G Farben kurulana kadar ki siirecte evrildiginin analizi
yapilmaktadir. Genel anlamda, Almanya ic¢in ge¢mis ticari iligkiler, ekonomik
kisitlar, dogal kaynak kisitlar1 ve bilim altyapisinin Alman kimya sektorii iizerinde
onemli etkilerinin oldugu saptanmigstir. Buna ek olarak kiiresel anlamda ticaret
aglar1 ve Almanyanin hukuksal altyapisi piyasa siireglerinde 6nemli etkilere
sahip faktorlerdendir. Bu faktdrlerin yaninda, Almanya iki biiyiik diinya savasi
sirasinda Kimya alaninda atilim sayilabilecek yeniliklere ve gelismelere ev sahipligi
yapmustir. Bunun sebepleri, bu boliimde irdelenmis ve otoritenin bilim ve piyasa
tizerinde nasil bir etkiye sahip oldugu tartisilmistir. Diger taraftan, Amerika i¢in
ise, bu tarihsel analiz sonucunda bazi faktorlerin 6n plana ¢iktig1 goriilmiistiir.
Bu faktorler sirasiyla: dogal kaynaklarin bollugu, digsaridan gog ve insan sermayesi

cesitliligi, piyasay1 ve bireyselligi destekleyen kurumlarin varligi ve agir celik, demir
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sanayinin gelismesi sonucunda ekonomik digsallig1 olan demiryolu, tagimacilik
gibi sektorlerin kita igindeki ekonomik iliskileri birbirine baglamasidir. Faktorlerin
detayl1 analizi sonucunda kimya bilimi ve sektoriiniin gelismesinde rol oynayan

arka plan hakkinda bilgilere yer verilmis ve tartigilmistir.

Son soz olarak {igiincii boliimde bu faktorlerin detayli karsilagtirilmasi 6zetlenip,
boliime eklenmistir. Ulke bazinda anlamdaki tarihsel ekonomik farkliliklarin
evrimi incelenmistir. Boliimiin sonunda ise, Kimyanin ekonomisi bashgi adi
altinda Kimya biliminin nasil piyasalastig tarihsel ve teorik anlamda tartigilmistir.
Bu tartisma altinda, bu tezin ana konusunun olusturan sorunun teorik temellerinin
ne oldugu arastirilmistir. Elbette ki, bu boliimiin sinirlarini asan literatiiriin varlig
s0z konusu olsa da sinirlandirilarak bu boliimde kimyanin ekonomik temellerine

yer verilmistir.

Dordiincii boliim, tiglincli boliime nazaran mikro analizlerin yapildig1 boliimdiir.
Bu boliimde, firmalarin birbirlerinden nasil farklilastigi sorusunun cevabi
aranmaktadir. Bu mikro analiz boliimiinde baslica su faktorlerin analizi yapilmigtir:
firmanin ekonomik ve teknik profilleri, kurulug bilgileri, biiytikliikleri, organizasyon
yapilari, aragtirma ve gelistirme kapasiteleri, otoriteyle ve piyasa ile olan iliskileri.
Bu anlamda ortaya ¢ikan verilerin bazilarin iligkisel 6zelliklerinden dolay1 network
araglar1 ile analiz edilmistir. Bu boliimde ayrintili bir bicimde, firmalarin birlesme
(merger) networkleri, stratejilerini anlamak adina tirettikleri {iriin ve kullanici
arasindakiiligkileri gosteren aglara yer verilmistir. Ayrica kurulus hikayelerinin nasil
gelecekteki aragtirma ve yenilik stratejilerine yon verdigini anlamak i¢in firmalarin
tarihlerinde yer alan olaylarin o donemdeki diger bilimsel ve ekonomik olaylarla
olan iligkilerinin s6zel analizi de bu boliime dahil edilmistir. Bunun sonucunda
boliim sonunda iki firmay: kargilagtiran bir tabloya yer verilerek biitiin faktorler
icinde iki faktoriin daha onemli olduguna karar verilmistir. Bunlar arastirma
anlayis1 ve organizasyon yapilaridir. Bu iki faktoriin neden 6ne ¢iktiginin en 6nemli
sebeplerinden bir tanesi, iki firma arasinda farklilagma ve basar1 hikayesinin yolunu
acan basat belirleyici yahut ana degisken olmalaridir. Bu boliimiinde digsal ve igsel
faktorlerin nasil stratejileri ve politikalar: etkilediginin analizi yapilmis buna gore
bulgular tartisilmistir. Bu hususta Alman 1G Farben, 1939’a kadar i¢sel ekonomik
faktorlerin ve digsal ekonomik faktorlerin yonlendirmesiyle piyasada kendine yer
edinmistir. 1939’dan sonra Hitler yonetiminin baskici ve iilke a¢isindan indirgemeci
politikalar1 1G Farben’in arastirma ve bilimsel aktivitelerini etkilemistir. Bu neden
bilimsel anlamda programlar tepeden merkezi otorite tarafindan yonetilmis,

bu anlamda yonetim tekellestirilmistir (monopolization). Bu sebeple, 1G Farben
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incelenirken Hitler 6ncesi ve sonrasi donem 0zelikle vurgulanmistir. Diger
taraftan Amerikan Du Pont ise daha esnek yapida piyasa geregince stratejilerini
gelistirmis ve uygulanmistir. Bu sebeple bilimsel ve arastirma faaliyetlerinde daha
evrimsel siirecin etkili oldugunu sdylemek yanlis olmayacaktir. Unutmadan sonuca
varmadan once, i¢sel faktorlerin (ki bunlar, yenilik faaliyetlerinin degisik yonetimsel
stratejiler sonucunda farklilagmasi, aragtirma geleneklerinin iiniversite-sanayi
is birligi cercevesinde farklilasmasi) ve digsal faktorlerin (ki bunlar, artan rekabet
ortami ve yerel ve kiiresel talep) firmalarin yenilik performanslarin1 dogrudan

etkiledigi bu nedenle irdelenmesi gerektigi bu boliimde tartigilmustir.

Besinci boliim, bir 6nceki boliimde yapilan detayli analiz sonucunda ortaya ¢ikan
iki onemli faktorlerden bir tanesi olan organizasyonel yapilarin iki firma diizeyinde
kargilagtirilip, yenilik faaliyetlerinin ve performansinin bu faktorlerden firma
diizeyinde etkilenip etkilenmedigi sorusuna cevap aranmaktadir. Bu noktada yeni
ve spesifik veriler elde edilip analiz i¢in kullanilmigstir. Literatiirde organizasyon
yonetiminin firmalarin yenilik performanslarini olumlu anlamda etkiledigini ortaya
koyan ¢alismalar s6z konusudur (Tidd and Bessant 2016). Bu ¢alismalar yenilikgilik
performansinin igsel (yani esnek sistemler, promosyon mekanizmalari, arastirma
icin hedefler belirleme) ve digsal faktorler (piyasa talebi, iiriin ¢esitliligi ve rakipler
arasindaki anlagmalar) tarafindan etkilendigini de ileri siirmektedir. Buna paralel
olarak besinci boliimde vakaya konu olan sirketlerin yenilik¢ilik performanslarinin
icsel ve digsal faktorlerden nasil etkilendigini spesifik olarak organizasyonel ve
yonetimsel kararlarin bu performans iizerinde ne kadar etkili oldugu tartisilmigtir.
Iki vakadan ortaya ¢ikan en biiyiik bulgulardan bir tanesi yonetimsel anlamda
merkeziyetciligin ne denli arastirma performansi ve dolayisiyla yenilikgilik
performansini etkiledigini ortaya koymaktadir. Buna gore, her iki vakadaki firma
boyutu biiyiik ve cografi olarak yayilmistir. Bunun anlami yonetimsel anlamda
rutin ekonomik isleri ve biiylik sirket kararlarini etkileyecek bir yapinin her
iki sirkette de kurulmas: gerektigidir. iki sirkette de bu durum, Chandler’a gore
bu kimi zaman dezavantaj kimi zaman da avantaj olarak gozlenmistir. Olcegin
biiyiimesi zorunlulugu bir anlamda yonetimin merkezi kararlar1 gozeterek otonom
yapilar1 desteklemesi zorunlulugunu ortaya ¢ikarmistir (Alfred D. Chandler 1990).
Bu sebeple, 1G Farben kendi sistemi icerisinde daha merkeziyet¢i bir yapiyla
bunu devam ettirme politikasini 1939 yilina kadar siirdiirmiistiir. Daha yalin bir
ifadeyle, 1G Farben’in yonetimsel yapis1t Du Pont’tan merkeziyet¢ilik bakimindan
farklilagmaktadir. Bu farkliligin temel sebepleri arasinda 1G Farben’in hali hazirda
kurulus sekli geregi alt1 farkli firmadan olusmasidir. Bu firmalarin ge¢misten

tasidiklari yapilar, rutinleri, yonetim sekilleri ve politika aligkanliklari vardir. Ayrica,
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gecmis firmalarin bazilar1 bu konuda yenilikgilik anlaminda 6nemli performanslara
ve kayitlara sahiptirler. Bayer'in ve BASFin birlesmeden oOnceki arastirma
faaliyetleri kimya alaninda diinyada oncii ve yenilik¢i 6rneklerdir. Tiim bunlarin
hepsinin 1G Farben {iizerinde daha merkeziyet¢i bir yap: kurma zorunlulugunu
ortaya ¢ikarmistir. Beklenenin aksine otonom arastirma ve gelistirme faaliyetleri
1G Farben sirketinde savas yillarina kadar s6z konusu olmamaistir. Bunu Carl Bosch
ve Carl Duisberg’in yazismalarindan takip edebilmekteyiz (Heine 1990; Lindner
2008). Buna gore, 1G Farben Du Pont’tan farkli olarak tiim arastirma ve gelistirme
faaliyetlerinde merkezi kararlar alip uyguluyordu. Giiciin Frankfurt’taki konsiilde
alinan kararlarla bu denli tekellestirilmesi, aragtirma ve gelistirme faaliyetlerini ve
sirketin ekonomik performansini etkilemistir. Diger taraftan ise, Du Pont bu tarz
kararlarda daha otonom ve daha 6zgiir bir yaklasimi da benimsemektedir. Buna
gore, tesislerindeki arastirma alanlarinda ekipler kendi iginde 6zgiir bir bicimde
arastirma yapabildigi gibi merkezden piyasanin kosullarina gore de gelen sinyallere

(alertness) tepki verecek sekilde de arastirmalarini yilirtiitmiistiirler.

Burada onemli bir noktayr vurgulamak gerekmektedir. Merkeziyetcilik ve firma
i¢i 6zgiirlitk kavramlarmin her sektérde farkli anlagilabilecegi agikardir. Ornegin
koordinasyonun ve zaman kisidinin mithim oldugu sektorlerde (tasimacilik)
bilginin sirket icinde akisi ve nerede toplanacaginin 6nemi daha yiiksektir. Bu
sebeple, bu gibi merkezi yapilara sahip sektorlerde otonom birimlerin s6z konusu
olmas1 miimkiin degildir. Fakat kimya sektoriinde ve arastirma-gelistirme hatta
cogunlukla temel bilimin kullanildig: sektorlerde bu kavramlar biraz anlamlarini
kaybetmektedir. Ornegin, 1G Farben igin merkeziyetci bir yapi séz konusudur
denilebilir fakat laboratuvarlarda c¢aligmalar merkezden gelen bilgilere gore
strdiiriiliirken bagka tesadiifi buluslar sonucunda arastirma faaliyetinin farkli
alanlara kaymasi s6z konusu olabilmektedir. Bu nedenle de farkli da olsa iki sirkette

“esneklik” anlaminda arastirma ve bilimsel faaliyetlerini siirdiirmiislerdir.

Besinci boliimde irdelenen ve 6ne ¢ikan yonetimsel farkliliklardan bir tanesi de
yonetimin iist diizeyinde olan insanlarin aldiklar1 egitim ve sirketlerin bu yonetim
kadrolari ile sirketin geneli i¢in uyguladiklari ise alma politikalaridir. Bu anlamda
yonetim kademesinde olanlarin egitim aglarini gosteren sekiller tezin igerisinde
Sekil 16 ve Sekil 19 (Figure 106, Figure 19) olarak gosterilmistir. Bu sekillerden yola

cikarak su yargilara varmak miimkiindiir:

1. 1G Farben yerel ve gii¢lii egitim kurumlarindan mezun yoneticilere

sahiptir. Du Pont ise Alman kimya egitimi ile baglantili ve Amerikan
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liniversitelerinden mezun kimseler tarafindan yonetilmektedir.

2. 1G Farben’in yonetim kademelerinde Nobel 6diillii ve doktora derecesine
sahip kimseler vardir. Du Pont ise doktora derecesine sahip kimseler ve

Nobel 6diillii danismanlara sahiptir.

3. 1G Farben'in ¢alisanlar1 arasinda Berlin Teknik Universitesi ve Leipzig
Universitesi kiimeleri varken; Du Pont’ta MIT, Harvard ve Johns Hopkins

Universiteleri kiimeleri s6z konusudur.

Bunlarin sonucunda ise alim stratejileri, bilgiyi sirket i¢cinde kullanma stratejileri ve
yonetimsel anlamda kurguladiklar: sistemler bakiminda sirketler farklilagmakta bu

farkliliklar ise yenilikg¢ilik performanslarini etkilemektedir.

Altinc1 ve sonugtan 6nceki son temel boliim iki sirketin arastirma ve yenilikgilik
faaliyetlerini yakindan inceleyen bir boliimdiir. Bu boliimde 6zetle, her iki sirketin
spesifik olarak arastirma c¢iktilarina (patentlerine), arastirma harcamalarina-
biit¢elerine, 6grenme siireglerinin nasil farklilagtigina ve arastirma politikalarinin
nasil belirlendigine dair bilgiler sunmaktadir. Bu bilgiler 15181inda ilgili boliimde
tic temel bulgunun varligindan soz edilebilir. Bunlar: aragtirma motivasyonu,
arastirma konulari ve 6grenme siirecleri olarak siralanabilir. Arastirma motivasyonu
iki sirkette de ilgili donemde ¢ok farkli olmustur. Buna gore, 1G Farben 1925’te
faaliyetine basladiginda daha temel bilim bazli bir sistemi tesis ederek yola devam
etmekteydi. 1939 ise daha pratik ve savagin getirdigi fasist yap1 sonucunda daha pratik
arastirma konulariyla ilgilendiler. 1G Farben genellikle iiriin anlaminda {irettikleri
mallar1 sanayi i¢inde ara-mal diye adlandirilan bir ¢esitlilikte sunduklarindan
dolay1 arastirma faaliyetlerini de bu mallarin gelistirilmesi {izerine kurgulamistir.
Bu nedenle daha bilimsel ve bilim i¢in (sake of science) “karli” bir sirket amact
giitmiiglerdir. Diger taraftan Amerikadaki Du Pont sirketinin stratejisi epey
ilging ve cesitlidir. Bir donem sirket igerisinde yasanan temel bilim ve pratik bilim
tartigmalar1 s6z konusu olsa da sirketin genel olarak bilimsel aktiviteyi yenilik i¢in
destekledigini soylemek s6z konusudur. Ayrica, Amerikan sistemindeki pratik bilim,
giindelik bilim bu dénemlerde 6nem kazanmais, Du Pont’ta bu noktada {iniversitede
yetisen kisilerden faydalanmigtir. Pratik bilimin bir faydasi da piyasanin isteklerine
hizli cevaplar verebiliyor olmasidir. Uriin bazinda bakildiginda ise genel olarak
IG Farben'in sektoérde oncii yeniliklere imza attif1 gozlemlenmektedir. Ozellikle
boya alanindaki buluglar sayesinde diinya boya pazarinda epey etkili bir rekabet
giiciinii elinde bulunduran sirket, organik kimya alaninda da arastirma programlari
sayesinde firiin ¢esitliligi konusunda onciidiir. Bunun yaninda Du Pont, {iriin

cesitliligi ve bunu destekleyecek arastirma programi konusunda 1G Farben'’i takip
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etmis fakat piyasanin isteklerini yahut firma stratejisi olarak piyasadaki bogluklar1
da iyi degerlendirmistir. Naylon i¢in yapilan arastirma ve gelistirme ¢abalar1 bunu

gostermektedir.

Son olarak, 6grenme siire¢leri bakimindan iki sirkette kendine has bir bi¢cimde
sirketici ve sirket dis1 veri, malumat ve bilgi stire¢lerini siirdiirmiistiir. Boylelikle, 1G
Farben sirket icinde gruplar arasi bilgi aligverisini saglamak amaciyla konferanslar,
grup liderlerinin yonetimle etkilesime gegecegi komitelerin olusturulmasi ve
yayin yapma zorunlulugu gibi faktorler sayesinde sirket i¢i 6grenme siireglerini
yonetmislerdir. Diger taraftan Du Pont ise, yayin i¢in promosyon mekanizmalari,
gruplar arasinda bilimsel rekabet ve iiniversite ile ig birligi sayesinde giincel bilimsel
ve pratik bilgilerden mahrum kalmayarak o6grenme siireglerini yonetmisgtir.
Boylelikle iki sirket de birbirinden farklilagsa da basarili yenilik¢i performanslarini
1925 ve 1945 arasinda sergilemiglerdir. Savasin arastirmaya kuskusuz pozitif bir

etkisi olmus ve her iki sirket de bundan sonuna kadar yararlanmiglardir.

Bu tezin son boliimii sonug boliimiidiir. Bu boliimde genel olarak diger boliimlerde
tartisilan konular ve bulgulara yer verilmis ve bu bulgularin literatiirdeki konumlar1
tartisilmistir. Ayrica tezin ana sorusuna cevaplar aranmistir. Buna gore bu tezin
ana sorusuna cevap olarak iki 6nemli faktoriin farklilasmaya sebep oldugunun alt1
cizilmigtir. Bunlar organizasyonel yapinin ve arastirma anlayiglarinin iki sirkette de

farkli olmasidir. Buna gore cevap su sekilde verilebilir:

Eger temel ya da pratik bilginin gelismesine sebep olacak bir sistem gegmis
bilimsel bir miras tarafindan destekleniyorsa; ayrica bu bilgilerin ise piyasaya
gore sekillendirebilecek bir organizasyon yapist tarafindan tesvik ediliyorsa
farkli cografyalarda bagarili yenilik¢i firmalar ortaya ¢ikmast s6z konusudur.
Bu bilgilere ek olarak, sonug¢ boliimiinde tezin bilim ve teknoloji politikalarina
muhtemel etkileri tartisilmistir. Bu tartisma sonucunda bes ana baslik altinda
basarili bir kimya sektoriiniin olusabilmesi i¢in gerekli hususlara yer verilmis ve

bunlarin tez bulgulariyla ilintisi irdelenmistir. Buna gore:

4. Egitim kurumlarinda temel bilimin desteklenmesi gerekliligi: Her iki
sirket Orneginin dayandigi basarili egitim ge¢cmisi hikayelerinde bunu
gozlemlemek miimkiindiir. Almanya’nin kimya, fizik ve matematik gibi
alanlarda yaptig1 yatirimlar sonucunda 1G Farben gibi bilime dayanan bir

sektorde basarili bir sirketin ortaya ¢ikmasi tesadiif degildir.

5. Devletin rolii: iki 6rnekte de devletin etkilerinden bahsedilebilir. Savas

234



donemleri de dahil olmak {izere bazi durumlarda devlet piyasay1
sekillendiren hatta yaratan bir role biiriinmiistiir. Bu nedenle, sektoriin
icinde faaliyet gosterecek firmalar icin devletin rolii ve miidahaleleri

onemlidir.

6. Kapasite olusturma: bu her iki anlamda da firma ve devlet tarafindan
desteklenebilecek bir sistem mevzuudur. Bu nedenle politika yapicilarin
mikro ve makro Ol¢ekteki agiklari tespit edip bu noktada eylemlere

gecmesi gerekmektedir.

7. Gliglii kurumlar olusturmak: hem Almanya hem de Amerika kendi gii¢lii ve
evrimsel siirecte gelismis, degismis ve doniismiis kurumlara sahiptirler.
Ornegin, hukuk sistemleri, egitim anlayislar1 ve rekabet yapilar1 bunlara
ornek olusturabilirler. Bu kisa donemde politikalarda ufak yahut biiyiik
degisiklikler sayesinde yapilabilecek ama etkilerinin uzun donemde
goriilebilecegi bir politikadir. Bu hususta, giiclii kurumlar1 olmayan
tilkelerin bu denli yogun bilgi, birikim ve yenilikg¢ilik gereken sektorlerde
gec-kalan tilke (late-comer) olarak basarili olamayacagini 6ngérmek zor
degildir.

8. Kiimeleri ve yerel yapilar: desteklemek: Bu noktada Almanya da Amerika da
benzer bir bicimde kimya endiistrisi 6ncesi var olan sanayi kiimelerini
politika anlaminda desteklemislerdir. Almanya'da Offenbach bolgesindeki
organik kimya kiimesinin devlet tarafindan miisevvik edilmesi orada
bugiiniin kimya devlerinin ¢ikmasinin altyapisini hazirlamistir. Benzer bir
bicimde Daleware’da kurulan sirketin tedarikgileri ve diger yiiklenicileri
icin bir politika genel anlamda Amerika'da kimya sektoriiniin de 6niinti

acmistir.

Bunlar genel olarak siralanan olasi etkilerden bazilaridir. Bu tezin konusu

kapsaminda genisletilebilir yahut sinirlandirilabilir.

Son olarak bu tezin arastirma siirecinde karsilasilan birtakim zorluklar verilecektir.
Bu zorluklarin ifade edilmesi gelecekteki ¢alismalar i¢in de pozitif katkilar sunabilir.
Temel olarak, veri sikintisindan bahsedilebilir. Gelecek ¢alismalar i¢in yenilikgilik
performanslarina 1G Farben olarak degil, spesifik olarak birlesmeden onceki
hallerine de bakilabilir. Ornegin BASFin arsivleri kullanima agiktir ve BASF'mn
faaliyetlerine bakmak Almanya kimya sektorii hakkinda bir seyler soyleyebilir. Buna
ek olarak tarihsel anlamda se¢ilen zaman dilimi savas 6ncesi ve sonrasi olarak da
incelenebilir. Boylece Alman arsivlerinden daha fazla faydalanmak s6z konusudur.

Gelecekte Almanya bu arsivleri dijital alanda kataloglayacaklar. Bu sebeple, ilerdeki
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calismalarda veri igin tiiketilecek siire epey kisalabilir. Ayrica, aragtirma sorusu
daha daraltilabilir boylece tek bir faktor iizerinden giderek detayli analiz imkani

dogabilirdi. Bu husus da bu tezin sinirlarindan bir tanesidir.

Son s6z olarak, bu tezin ana konusu olan iki sirketin basarilar bir tesadiif degildir.
Bunu yukarida ayrintilariyla aktarilan ekonomik ve kiiltiirel bir tarihin destekledigi

bir gercektir.
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