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PREFACE

The research and writing of this book constitute one piece of our long-standing reflec-
tion about the theme of transformation in contemporary scientific research. It is com-
monly acknowledged that science has changed considerably over the course of the last
century. In turning our gaze to research on the nanoscale, we asked what does the birth
and growth of nanoscience tell us about the evolution of research? At the opening of
this study, we were confronted by two contradictory answers to our questions about the
transformative character of nanoresearch: “no, with nano there is nothing new under
the Sun,” and “yes, in nano, scientific investigation is being modified in many important
ways.” In view of these responses, nanoscale research appeared to be a privileged window
to explore the confluence of the old and the new. The scientists’ answers referred to the
fact that science’s theoretical foundations had not been seriously recast during the last
decades, but that research practice and epistemology have become in important respects
significantly different. Nanoscale research is a child of material, technological, and epis-
temological novelties. But at the same time, aspects of reasoning dominant during the
nineteenth century, that had declined across much of the twentieth century, have sud-
denly and surprisingly been rekindled in combination with emerging technologies and
accompanying experimental practices.

The epistemological arrow that historically slaved research questions to the materials
available in nature has been reversed in nanoscale scientific investigation, This has opened
the path for new ways of thinking and doing. Indeed since the 1980s, nanoscale research
has been capable of synthesizing pre-designed materials, atom by atom and molecule by
molecule, making it possible for experimenters to exactingly tailor the material objects
to which they direct their questions. This constitutes a decisive historical turning point.
Nanoscale research is the landscape of material control. Inside nano, an entirely new
specialty has emerged that is devoted to the design, synthesis, and fabrication of pre-
conceived objects.

Nanoscale research is inextricably linked to the genesis of a new species of metro-
logical instrumentation. A category of instruments termed scanning probe microscopy
lies at the heart of this material revolution. Such instrumentation can study (see) single
molecules and atoms and can also shift them about and even attach them one to another,
at will. A second recently introduced category of devices, “computational instrumenta-
tion,” often known as “numerical simulation,” has pervaded the research universe since
the 1990s; but nowhere more so than in the area of nanoscale studies. Simulation based
investigation has in several cases designed and explored nanostructured materials even
prior to their concrete materialization. The relationship between metrological and com-
putational experimentation in the nano field constitutes a deeply ingrained combinatorial
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that is central to nano culture. Scanning probe microscopy and numerical simulation
both express information about the structure of nanoscale objects in terms of visual
images. They simultaneously provide a synthetic and local picture of phenomena. For
example, by sharpening pictorial contrasts of structure and by introducing differentiating
color schemes into research images, practitioners painstakingly generate a cartography
and corresponding comprehension of often nuanced nanoscale properties and processes.
Of utmost importance, images operate as a common language between metrologists
and simulators, thus promoting complementarity. They are indeed an epistemological
cornerstone of nanoscience.

The function of images is tightly connected with questions of form. Images as draw-
ings and also photographs were for a long time—throughout the nineteenth century
and even before—important in science prior to nano. This was certainly the case with
reference to things geographic, geological, botanic, zoological, anatomical, crystallo-
graphic, etc. It is essential to grasp that the pivotal position of form in nano explicitly
constitutes a kind of renaissance of an earlier historical era. The morphology of objects
and sometimes of their behavior is a key question in nanoscale research, thus giving a
renewed importance to the traditional epistemological parameter of form. Through the
new instrumentation of imaging, form has recovered its earlier importance that during
much of the twentieth century had subsequently often been supplanted by mathematical
formalism or statistical representations.

Taken together, images and form reinject an epistemology of descriptivism which
was central to much pre-twentieth-century science. Descriptivism is a way of seeing the
world, reflecting about it, ascribing relationships and explanation, and finally communi-
cating about the world. In nano, description focuses on the highly local and particular.
Nanometric landscapes are worthy of description in and of themselves, and not least
of all for their local features. The combinatorial of description and local privileges the
unique as opposed to the highly general. It is partly for this reason that theory and models
are not the main expectation of nanoscientists.

Since the end of the nineteenth century, the microscopic universe, the worlds of mol-
ecules and atoms, was principally long described and explained in terms of statistical
probability—the indeterminacy approach. This is certainly the case with the Schréding-
er equation and the like. Scientists were restricted to determining the probability of an
event. However, with the advent of nanoscale scientific research, with its battery of novel
instrumentation and materials, under specified conditions it is now common practice
to identify the position of a single molecule and even to study the morphology of its
surface, as Galileo studied the landscape of the moon gazing through his telescope some
four hundred years ago. Molecules and atoms are now understood in terms of a deter-
minist epistemology, as opposed to a stochastic, probabilistic epistemology. The very
action of molecular and atomic control constitutes the materialization of determinism.

The reader can see, therefore, that the nanoscale scientific enterprise rejuvenates many
older intellectual traditions as they are re-introduced through new instrumentation and
material control. We thus no longer frame the issue of transformations of contemporary
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scientific research in terms of “no, there is nothing new under the Sun,” versus “yes, scientific
investigation is being renewed in many important ways,” but now we reason in terms of sub-
tle combinatorials between the perpetuation of nineteenth-century epistemology and
late twentieth-century materials and instrument evolution. It is this peculiar balance that
allows us to effectively address the question of complex change in contemporary scien-
tific research.

The issue of the significance of what has emerged in the course of recent scientific
investigation, refers not only to matters of instrumentation, research-objects, and episte-
mology, but also extends to the question of the organization and institutions of research.
The debate between the discipline based structuring of science versus interdisciplinarity
continues to rage. Proponents of the disciplinary organization of work insist that origi-
nal investigation must be tightly defined and that it occurs best in a disciplinary matrix.
By contrast, pro-interdisciplinary advocates insist on cognitive complexity, heterogeneity,
and fluidity, and they claim that innovative progress is not consistent with a disciplinary
frame. Our investigation of nanoscience points in the direction of disciplinary struc-
tures, but that are reshaped in the context of contemporary cognitive practices which
often entail well-defined, temporary collaborations of practitioners from different stable,
established disciplinary domains. At the birth of nanoscale research, some practitioners
predicted that the field would ultimately emerge as a new, autonomous scientific dis-
cipline. In contrast and more recently, many observers have argued that nano is totally
fragmented, where each specialty possesses its specific nano routines.

Our study of nanoscale scientific research instead suggests that a “transversalist” per-
spective of nanoscience, and perhaps beyond nano (for many other areas of science),
may offer a more perspicacious and balanced vision. As seen from our proposed trans-
versalist perspective, nanoscale practitioners, whatever their home field, can work inside
the framework of their homeland discipline while simultaneously speaking across their
respective borderland to colleagues working in other fields. Boundaries and circumscribed
circulation are here compatible. We refer to this species of organizational, institutional,
cognitive configuration as the “new disciplinarity.” Here, the maintenance of strong dis-
ciplinary boundaries does not preclude a practitioner standing on their disciplinary bor-
derland and shouting across the boundary wall to colleagnes who too work in their home
disciplines and who also shout over the separating wall! If our assessment is correct, then
the concept and activities of transversality, as vehicled in the new disciplinarity, are slated
to become a component in the transformational processes of contemporary science—
still another possible message gleaned from exploring the nanoscale.
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Introduction

Is the world of nano not in some ways akin to Galileo turning his telescope inward to-
ward the nano universe? Galileo observed the landscape of the Moon and the satellites of
Jupiter. Has nano not also “looked with the eye” onto the topography of single molecules
and the geography of atomic constellation? On the other hand, Galileo, Copernicus, and
Kepler could not conceive of rearranging the configuration and material of the Sun’s
planetary system in order to test and thus to better grasp the laws of nature. Yet nano can
for its part modify or even create materials in such a way that scientists introduce artificial
conditions by designing and fabricating molecule-scale universes for dreamed-of experi-
mental study of objects that do not exist in nature. Through design, control, and observa-
tion on the scale of single molecules and atoms, nano replaces, or at least complements,
the dominant long-standing probabilistic quantum perception of the micro universe with
a deterministic epistemology of objects as stable forms; and with it, it correspondingly
introduces an alternative neo-descriptivist paradigm.

In the land of nano-investigation, where the dimensions of objects neighbors a bil-
lionth of a meter, science has discovered that physical properties are determined strongly
by size and form. Here the learning derived from the century-old exploration of “bulk
materials,” whose dimensions range between a few hundred nanometers and infinity, are
no longer relevant. Are the introduction, evolution, and substance of this new way of
observing, doing, and thinking not worthy of historical, epistemological, and sociologi-
cal attention?

The orientation of this book contrasts with the direction of much contemporary
scholarship, which examines scientific research in terms of the public understanding of
science, government research policy, innovation, communication, and the evolution of
the institution of science in post-modern culture. Our study instead focuses on intra-
cognitive elements: we investigate the place of instrumentation and materials in the
origins and structuring of nanoscale research (or NSR) and explore questions of epis-
temology with reference to form, image, descriptivism, and determinism. The intra-
cognitive side of science is investigated as opposed to an alternative path which examines
its extra-cognitive dimensions. In short, this book stands at the crossroads of the history
of ideas in contemporary science and its sociology.

The rapid expansion and considerable cognitive achievements of research on nanodi-
mension objects spring from two factors: (1) the ability to observe and analyze the surface
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features of single molecules and their position; (2) the power to control their spatial rela-
tions. The originality of nanoscale research and its distinction from other fields of science
revolve around this tandem. The connection between single molecules and control nota-
bly endows nanoscale research with a measure of transversality of scientific relevance.
Single-molecule observation and atom-by-atom and molecular-based designed, made-
to-order materials are today central to the growth of contemporary knowledge in both
the physical sciences and the life sciences. This transversality of nanoscale investigation
runs counter to the received view that nano constitutes an acutely fragmented field. On
a different register, the physical characteristics of matter have traditionally defined and
restricted the questions that can be formulated in a research project. In the case of nano-
investigations, however, the relationship between material and question is reversed. Why
is this? The power to design and build novel materials signifies that questions can now
fuel materials rather than being slaves to them. This is a foremost contribution of science
nano style.

In nanoscale research, the observational empowerment acquired through the inven-
tion of the scanning tunneling microscope, or STM (1981), and of its cousin the atomic
force microscope, or AFM (1985), has now made it possible for the first time in the annals
of research to explore single molecules, to study an individual molecule’s surface fea-
tures and internal structure. These instruments also enable nanopractitioners to identify
the location of an atom, to observe the sometimes complex and surprising geometry
of interfacing or locking. In addition to the possibility of dealing with single objects,
in nanoscale research, the capacity to design and to synthesize an expanding variety of
man-made, artificial materials are also synonymous with nanoscale science. Materials
include fullerenes, and in particular carbon nanotubes, and equally decisive, although
perhaps less well known, low-dimensional materials such as nanowires, nanowells, and
quantum dots. The crucial point here is that these novel materials and instruments now
open the way to an unprecedented dialog between the articulation of research questions
and what we term “materials by design.” Note that objects of nanometric dimensions
exhibit properties or behaviors absent or different from bulk materials. Bulk materials
are particles whose dimensions exceed one micron, and their surface is small compared
with their volume. In nano objects, large surface-to-mass ratios transform physical
characteristics.

Recall that a nanometer measures one billionth of a meter; this is equivalent to one
ten thousandth of the diameter of a human hair! Precise control at this scale is now rou-
tine. Control is situated at the intersection of instrumentation and material. For exam-
ple, devices like the scanning tunneling microscope enable the manipulation of atoms so
precisely that words can be spelled out using clusters of individual atoms to form letters.
This was demonstrated in 1989, in a famous article by Donald Eigler in which he wrote
the abbreviation IBM with 35 xenon atoms. This feat astounded scientists the world over
and alerted them to the latent promise of nanoscale research. Such exact manipulation
is now common practice; it is regularly mobilized to create defined molecular and atom-
ic architectures that are the foundation of unprecedented materials, and it underpins



