
“If evolutionary models are to be successful at all in the social sciences, it is in enhancing our
understanding of technological and economic performance in the past. In this poineering
work, Johann Peter Murmann does exactly that, and immediately establishes himself as
one of the most innovative and bold scholars in the field. Using evolutionary theory and
management science, this book sheds important light on the nineteenth-century chemical
industry. This is one of the most methodologically original books in interdisciplinary history
to come out in recent years.”

joel mokyr, Robert H. Stortz Professor of Arts and Sciences and Professor of
Economics and History, Northwestern University

� � �

“Darwin not only set out his theory of biological evolution at some length but also provided
as much empirical backing as was available at the time. In this remarkable book Johann
Peter Murmann sets out a general analysis of coevolution and provides a detailed example
to back it up – how quickly the discovery of synthetic dyes by an academic scientist gave
rise to an industry that in turn influenced the development of academic science. Murmann
provides a well-developed theory and evidence to support it. Who could ask for more?”

david l. hull, Professor of Philosophy (Emeritus), Northwestern University

� � �

“Johann Peter Murmann’s book is a major contribution to our understanding of the inter-
relations between technological change and industry evolution. This comparative study of
the emergence of the synthetic dye industry wonderfully illustrates how differences in public
policy, university traditions, and industry context affect both technical as well as industrial
change. Murmann’s book will have a major impact on coevolutionary theory as well as
industrial policy. It is a book for researchers as well as for policy makers.”

michael tushman, Paul R. Lawrence, Class of 1942 Professor, Harvard Business
School

� � �

“Murmann’s admirable book provides the most persuasive account, to date, for Germany’s
early leadership and long dominance of the synthetic dye industry after the momentous,
serendipitous scientific discovery by a young Englishman in 1856. It is an account that
employs a sharply focused, coevolutionary lens upon the differing historical experiences of
Germany, Great Britain and the United States. The book calls attention to the ways in
which the earlier development paths of the German states had equipped them, much more
effectively than their potential competitors, to exploit the specialized research tools of syn-
thetic organic chemistry, upon which commercial success was to become heavily dependent.”

nathan rosenberg, Professor of Economics (Emeritus), Stanford University

� � �

“Johann Peter Murmann’s book shows convincingly that competitive advantage, especially
in the knowledge-intensive industries, is firmly rooted in national institutions. Blending
quantitative analysis and case study evidence over a period of decades, he makes a major
contribution to the fields of strategic management, organizational theory, and technological
innovation.”

mauro f. guillen, Dr. Felix Sandman Professor of International Management, The
Wharton School, University of Pennsylvania

� � �
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Knowledge and Competitive Advantage

Entrepreneurs, managers, and policy makers must make decisions about a future that is

inherently uncertain. Since the only rational guide for the future is the past, analysis of

previous episodes in industrial development can shape informed decisions about what

the future will hold. Historical scholarship that seeks to uncover systematically the causal

processes transforming industries is thus of vital importance to the executives and managers

shaping business policy today. With this in mind, Johann Peter Murmann compares the

development of the synthetic dye industry in Great Britain, Germany, and the United

States through the lenses of evolutionary theory. The rise of this industry constitutes an

important chapter in business, economic, and technological history because synthetic dyes,

invented in 1856, were the first scientific discovery quickly to give rise to a new industry. Just

as with contemporary high-tech industries, the synthetic dye business faced considerable

uncertainty that led to many surprises for the agents involved. After the discovery of

synthetic dyes, British firms led the industry for the first eight years, but German firms

came to dominate the industry for decades. American firms, in contrast, played only a

minor role in this important development. Murmann identifies differences in educational

institutions and patent laws as the key reasons for German leadership in the industry.

Successful firms developed strong ties to the centers of organic chemistry knowledge. As

Murmann demonstrates, a complex coevolutionary process linking firms, technology, and

national institutions resulted in very different degrees of industrial success among the dye

firms in the three countries.

Johann Peter Murmann is Associate Professor of Strategic Management at the Australian

Graduate School of Management. He is on the editorial board of the Journal of International

Business Studies and is the editor of Evolutionary Theories in the Social Sciences.
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Series Editors’ Preface

By blending historical evidence with evolutionary economic theory, Johann Peter
Murmann enhances our understanding of economic change and helps us see why
firms and nations prosper or fall under the pressure of competitive capitalism. Central
to this process in the Second Industrial Revolution was the ability to apply scientific
knowledge to industrial processes in the electrical and chemical industries. Murmann
surveys with great care the early development of one of those industries, synthetic
dyes – an often-told story, but now placed in a new and exciting comparative context.
Great Britain had the early lead in dyestuffs, but Germany parlayed a powerful sci-
entific establishment and aggressive entrepreneurial firms into a successful challenge.
Favored by its unique research institutions and patent laws, the German industry was
able to lobby the government to strengthen its position even more. Coevolution of
firms and national institutions was at the heart of a process that had important rami-
fications for the political economy of Europe and the United States in the nineteenth
and twentieth centuries. Firms maintaining strong links to the relevant scientific net-
works prospered; their competitors gave way.

Murmann’s dynamic model of this process should be of great interest to eco-
nomic and business historians, economists, and scholars analyzing business manage-
ment and strategy in the modern era. We are pleased to publish this innovative study
as the second volume in our series, Cambridge Studies in the Emergence of Global
Enterprise.

Louis Galambos, Johns Hopkins University

Geoffrey Jones, Harvard Business School
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Author’s Preface

Synthetic dyes represent the first time when a scientific discovery quickly gave rise
to a new industry. In 1856, the nineteen-year-old William Henry Perkin serendipi-
tously invented the first synthetic dye and successfully commercialized his discovery.
Perkin, along with entrepreneurs from Britain and France, dominated the synthetic
dye industry for the next eight years. Contrary to contemporary predictions, how-
ever, these firms were not able to sustain their leadership position in the new industry.
By 1870, Germany had about 50 percent of the global synthetic dye market; Britain
fell to second place. By 1900, Germany’s worldwide share climbed to as high as
85 percent, where it stayed with relatively minor fluctuations until World War I.
In the 1860s, American firms tried to be successful participants in the U.S. market,
but they could not compete with German and Swiss firms before World War I and
remained relatively small players or went out of business.

Adam Smith (1776) and David Ricardo (1817) and more recently Michael Porter
(1990) and David Mowery and Richard Nelson (1999) are prominent examples of a
wide array of social scientists who have tried to identify the factors that lead nations
and firms to prosper. This book follows that tradition. In tracing the development of
one industry within the context of three countries – Great Britain, Germany, and the
United States – during the period from 1857 to 1914, I attempt to make a contribution
toward formulating a much-needed dynamic theory of industrial leadership.

Frequently, enterprise, technological, and economic developments are exam-
ined in separate studies. In this book I bring together these different literatures and
investigate an important chapter in business, economic, and technological history.
I argue that a complex evolutionary process led to very different degrees of indus-
trial success by dye firms in Britain, Germany, and the United States. Based on the
empirical findings, this monograph articulates a dynamic model of competitive ad-
vantage that has at its center coevolutionary processes linking firms and national
institutions.

The study identifies differences in educational institutions and patent laws as
the key reason for the long-lasting German leadership position in this industry. When
the German synthetic dye industry had pulled ahead of its foreign competitors, its
superior performance allowed it to lobby government agencies to enhance educa-
tional institutions and patent regulations, creating a cumulative spiral of competitive
advantage. To observe in greater detail how national institutions help or hurt the
competitive position of domestic firms, I also analyze the performance of individual
firms, examining the development of two synthetic dye companies (one successful and
one unsuccessful venture) in each of the three countries. At the level of the individual
firm, a key finding is what the winners in all three countries shared in common: In
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contrast to the losers, they had strong ties to the centers of knowledge about organic
chemistry.

Many activities compete for our scarce attention. Because not everyone will
have the time to read this book from beginning to end, I have designed Chapter 1

to provide a summary of the entire monograph. The sections in the introductory
chapter that present an outline of evolutionary theory are a bit technical for the
general reader, but the empirical analysis presented in Chapters 2 through 4 will be
readily accessible to a wide scholarly audience. Readers who are most interested in
the national industry level of analysis can skip Chapter 4, which presents detailed
case studies of six individual firms. In contrast, this chapter will be most valuable for
management scholars and business historians who look for thick descriptions of how
firms actually develop over time. Those who are mainly interested in my articulation
of coevolutionary theory of industrial development may want to jump directly to
Chapter 5, where I spell out in detail how the national synthetic dye industries of
Britain, Germany, and the United States coevolved with dye technology and national
institutions. My hope is that Chapter 1 or Chapter 5 will stimulate many a reader to
work through the rich empirical study of the synthetic dye industry between 1857 and
1914 that I present in Chapters 2 through 4. Enjoy!

Some of the ideas and empirical facts presented in this book have been published
previously in articles and book chapters. Part of the demographic data on national
firm populations appeared in the Journal of Evolutionary Economics (Murmann and
Homburg, 2001). Some facets of the evolution of synthetic dye technology were de-
scribed in a section of a chapter on the institutional foundations of entrepreneurship
published in the edited volume The Entrepreneurial Dynamic: Origins of Entrepreneur-
ship and its Role in Industry Evolution (Murmann and Tushman, 2001). A less detailed
comparison of the British and German educational systems from 1857 to 1914 was
published in a section of a chapter in the edited book Chemicals and Long-Term Eco-
nomic Growth (Murmann and Landau, 1998). More information on these and other
of my publications can be found at http://johann-peter.murmann.name.
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industry is unparalleled. The sophistication of the empirical analysis I offer in these
pages owes a great deal to the computer databases Ernst and I put together on all
the synthetic dye firms that existed between 1857 and 1914. As will become apparent
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Catherine Felgar at Cambridge and Eleanor Umali at TechBooks acted as competent
production managers who kept the book on schedule. Finally, given that human
beings take in most of the information they encounter through their eyes and the
fact that this book deals with synthetic colors, this combination presented a once in
a lifetime opportunity to produce a book that would be a feast for the eyes. Bill
Wondriska’s artistry turned this opportunity into reality.

Last but not least, I would like to thank especially my family for letting me go
where curiosity would lead me and for supporting my endeavors in many ways over
the years. Take this as the first report from my journey. Stay tuned for more.

Jorge Louis Borges (2000, p. 69) noted that “the concept of a ‘definitive text’
corresponds only to religion or exhaustion.” Although I tried to remove all errors
concerning the facts, any remaining mistakes will need to get fixed in a future text. I
am confident, however, that the central empirical descriptions of how the synthetic
dye industry developed can be relied on by generations of scholars to come. What may
change are our theoretical interpretations that relate the facts in a web of causation
and the relative importance of each of the causes. I urge the scholarly community at
large to learn about my theory of coevolution and try it out in new arenas!
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Timeline of Key Events in Development of the
Synthetic Dye Industry before 1914

1856 Perkin discovers first synthetic dye, aniline purple (mauve), in

London

1857 Perkin & Sons begins production of aniline purple

1858 The German firm Jäger enters the industry

1863 The German firm Friedrich Bayer enters the industry

1864 German immigrants form the British firm Levinstein near

Manchester

1865 Professor Hofmann leaves London for Berlin

1866 Kekulé publishes his benzene ring theory

1868 The British firm Brooke, Simpson & Spiller (BS&S) is formed

1869 Graebe and Lieberman in Germany and Perkin in Britain develop

synthetic alizarin

1874 Perkin sells his plants to BS&S and retires from the dye industry

1875 American Aniline is formed by German-born Victor Bloede

1877 All-German patent law is passed

1877 German Chemical Industry Association is formed

1879 The American firm Schoellkopf is formed in Buffalo, NY

1880 Professor Baeyer synthesizes indigo on laboratory scale

1881 Society for Chemical Industry is formed in Britain

1883 First patent for a direct azo dyestuff is issued

1883 Carl Rumpf hires the first three research chemists for the Bayer

Company

1891 German patent office changes the application of patent law

1897 BASF produces commercially synthetic indigo

1905 Professor Baeyer receives the Nobel Prize in chemistry

1914 World War I disrupts German supply of dyes to the world market
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