Paper presented in the Prime-Latin America Confarext Mexico City, September 24-26 2008

Pﬁme

Mapping nanotechnology across the Atlantic: some €ntative) lessons
for the future of nanotechnology in Latin America

Juan Pablo Pardo-Guerra®

Abstract

This paper is a tentative exploration of the insiinally and discursively distinct

invoked forms of nanotechnology that evolved witthie United States, Europe and
Latin America. In assessing the patterns of namoiglogy on both sides of the
Atlantic, it identifies this field as a hybrid cgtry, combining forms of social

reflexivity, industrial organization, and the loe&ld histories of research and
development. It is argued that such patterns adg anderstood by rendering

nanotechnology as a category used by actors rédtharas a solid core of technical
and cognitive competencies. Some implications déling this view are drawn for

Latin America.
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1. Introduction

This article explores the spatial configuratiomnahotechnology across the Americas
and Europe. The purpose of such exploration isréeige a foundation on which to
assess the evolution of nanotechnology across mwsepolitical, epistemic and
organizational boundaries. In setting these groutius following reflections, albeit
tentative, seek to highlight the heterogeneousacii@r of nanotechnology, not only in
a technical sense (that is, in terms of the mapggyof projects that are labeled as
being ‘nanotechnology’), but also in terms of tbeial hybridity of its constitution.

Two observations motivate this exploration. Firtat there is a growing, yet
continually changing, perception of nanotechnolagya fundamental component in a
novel global form of technoscientific/economic amgation. In most of its
incarnations, nanotechnology is hailed as the pefament of a new economic wave
(Wonglimpiyarat, 2005) with clear societal benefiisthe medium and long term
(Rocco, 2004; Rocco and Bainbridge, 2001). Numerestimates exist as to the
effects of nanotechnology in our economies, with $sizes of expected markets in
‘nano-products’ varying from tens of billions talltons of dollars by the mid 2010s
(Bond, 2003). It is hence not surprising that nanbhology is often presented as a
technological fix through which developing coundriean escape the environmental
and social inequalities associated to ‘traditiomabdes of industrialization (Annan,
2004; Corbett, McKeown, Peggs, and Whatmore, 2B0B8taschie, 2006; Salamanca-
Buentello, Persad, Court, Martin, Daar, and Sin@e0Q5). Although the degree to
which nanotechnology is such a revolutionary inimvaremains a matter for further
enquiry and debate, a mapping of the status ofresedevelopment and innovation
activities in nanotechnology in the Americas issaful reference for future analyses
since it allows drawing comparisons between differeegulatory, scientific and
economic regimes.

The creation of this mapping hinges, however, ae@nd observation: in claiming
nanotechnology as a revolutionary innovation updmcitv the paradigms of future
technological and economic development hingesRseez, 2002), this entity became
an iconic ‘quasi-object’: in discourse, it acquirdarable and concrete characteristics
that allow comparison with successful past techgiold ventures and the projection
of futuristic trends. There are numerous exampléshow such discursive
concretizations of nanotechnology are adopted, paty by self-identified
nanotechnologists, but also by social and econ@timlars studying trends within
the field. Perhaps the most relevant for the pwpidsthis discussion is found in the
special issue oResearch Policy on emerging nanotechnologies where the editors set
out their program by accepting the broad (and nualogically problematic)
definition given by the National Nanotechnologytiative as “fast becoming the
standard” (Bozeman, Laredo, and Mangematin, 20007).8 Interestingly, the
definitions used by the National Nanotechnologyidtive, which serve as a central
reference for global scientific and industrial pglicommunities, have changed over
time. Towards 2004, nanotechnology involved “resieand technology development
at the atomic, molecular or macromolecular leveld,[creating and using structures,
devices and systems that have novel propertieduaradions because of their small
and/or intermediate size [and the ] ability to cohtor manipulate on the atomic
scale”. As of 2008, nanotechnology is defined imteof a very particular division of
epistemic labour, connected to a linear model abvation: nanotechnology is no
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longer both technology development and ‘basic’ aed®e These two groups are
differentiated according to their broader significa for industry: “nanoscience
involves research to discover new behaviors andogrties of materials with

dimensions at the nanoscale” while “nanotechnolisgihe way discoveries made at
the nanoscale are put to work”. Even with this oaer ‘standard’ representation,
nanotechnology remains too general a term, encaimgasliverse and at times
disparate fields of research and industrial appboa not necessarily linked by
practices, developmental trajectories, modes ofistréhl organization and localized
innovation cultures.

The aim of this paper is therefore not merely tsctbe the organization of

nanotechnology in Europe and the Americas. Suclerigi®n is designed as an

exercise through which | seek to answer some lpsestions on the character and
possible future of nanotechnology as an allegenigrging technology and/or field of

research, development and industrial productiomalricular, and by comparing and
contrasting the regimes between the United Stdtesn America, and the main

economies in Europe this article will provide paktthough informative answers, to
three questions: first, is nanotechnology an inmérenew phenomenon? Second,
should nanotechnology be a funding priority foriha@merica? And third, should the

debates on the ethical, social and legal implicati@f nanotechnology and the
nanosciences that are now so common in Europehendnited States be replicated
in Latin America?

This paper proceeds as follows. The following sectisection 2, deals with the
different provenances and meanings of nanotechgiolaga sense, this section seeks
to deconstruct nanotechnology broadly defined imseof its alleged origins and its
historical contextualization. Section 3 presents discussion of the previous section
and renders it in terms of a taxonomy of nanoteldgyo The fourth section presents
the sources on which an analysis of nanotechnalo@urope and the Americas was
conducted. The results of such analysis are predentsection five. Finally, section
six contains a discussion of the results and ivM@d by some brief concluding
remarks.

2. The meaning(s) and institutional variations of anotechnology

The origins of the term nanotechnology lie in wihatill refer to as three broad

narratives of creation. The first attributes thehoof this field to a lecture delivered
by Richard Feynman in 1959 (Feynman, 1992), whieeetheoretical possibility of

extreme forms of miniaturization was emphasize@ @hchetypical metaphor being
the possibility of reducing the Encyclopaedia Brtea to the head of a pin).
Although a complete contextualization of Feynmae&ure deserves an exposition
of itself, it suffices to note that the notion patward in it was not a radical departure
from previous conceptualizations of a technologitaiire. Rather, it reflected the
social conditions surrounding the American scientifommunity at the time,

capturing existing narratives on the nature andréubf complex technologies. For
instance, the idea of the miniaturization of infation storage and computational
processing at the quantum level partially folloveeasting narratives on the reduction
of the dimensions of electromechanical systems dnegal and of computers in
particular, an area where Feynman proved to devstope degree of competencies
(Feynman, 1985). Furthermore, the mention of bicklgsystems as exemplars of
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small scale information storage and processingsum@hd hence as proof of the
physical viability of designs at the sub-microndewvas bound to previous long-
standing conceptualizations of living organismgluding humans, as machines, a
line of thought that had manifestations in othexaarof knowledge (see Bensaude-
Vincent, 2004 for the use of the metaphor in nactotelogy and Mirowski, 2002 for
the role of ‘cyborg’ metaphors in economics and phgsical sciences). Thus, while
Feynman'’s lecture provides a bold and metaphoyicalh reference on which several
authors could (and indeed have) based their higjaphies, it represents a middle
point in a longer historical process on the miniaation of information systems.

The second narrative of creation of nanotechnolbgy its origins in an article
presented by Norio Taniguchi in 1974 to the Japan8sciety of Precision
Engineering in which, according to popular wisddhe term nanotechnology was
coined. Rather than focusing on the possibilitiels the miniaturization of

informational arrangements as was the case witmifiap’s metaphor, Taniguchi
presented nanotechnology as “the processing ofaragpn, consolidation, and
deformation of materials by one atom or by one k' (Taniguchi, 1974). In a
sense, this form of nanotechnology is also relat@dminiaturization via the

production of microelectromechanical systems (fera2Warrington, and Friedrich,
1995). Here, however, the metaphor is one of dyramintrolling and manipulating
matter at the atomic and molecular levels rathem tthe development of self-
organizing, information-oriented systems. Hence,isit closer to the thrust in
microscopy and precision engineering, epitomizedatbyances in microlithographic
techniques as well as by the development of systemth as the atomic force
microscope in the early to mid 1980s.

The third and more conservative narrative on thgirs of nanotechnology derives
from the works of authors broadly seen as locatédinwvthe field of chemistry, as
exemplified by Richard Smalley and Georges Whiesi(Bensaude-Vincent 2004).
For these, the challenge in chemistry lies in tteaton of materials whose properties
depend on their structural, rather than purely dbain configuration (Rao and
Cheetham, 2001; Whitesides, 2008a). In this setimg; focus on understanding,
controlling and exploiting so-called emerging pndigs of materials, which include
self-assembly (Whitesides, 2008b), changes in nsaopc behavior due to variations
in surface-to-volume ratios (Vayssieres, 2004), twedpartial quantization of systems
due to sub-micron configurations (Frank, Ponchavdgng, and de Heer, 1998).
Although this narrative emphasizes exploiting ‘noveehaviors as well as the
creation of new materials, it tends to frame sueletbpments in the context of
existing chemical (and biotechnological) capalasti Thus, nanotechnology is partly
seen as a mere refinement in chemical synthesebidigs through the creation of
tailored and more ‘efficient’ materials. Since th&ructure of sub-micron
arrangements is a critical factor for this speaifimceptualization of nanotechnology,
it is thus not surprising to see that it feeds frdevelopments in biotechnology where
issues of macromolecular structure and synthesise baen a constant for decades
(Bud, 1993).

Though by no means comprehensive, these threaibggtaphic narratives reflect the
main disciplinary provenances of nanotechnologye Tirst, connected to Feynman,
and closely associated to condensed matter phgsiegell as electric and electronic
engineering; the second, provided by Taniguchi eeldted to the development of
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precision instruments and forms of sub-micron malaifpon of matter (e.g. via wafer
photo-lithography); and the third, given by Whitkss and Smalley, closely
connected to the developmental trajectories of asteyn and, more recently,
biotechnology. To a certain extent, other renderiafynanotechnology, such as that
of Eric Drexler in which self-assembly, informatigorocessing and biological
simulation play a central role (Drexler, 1986; Dexx 1981), are located at the
intersection of these three forms. In this sense&ldim that any of these historically
bound definitions is incorrect is to miss the poiaach of these contribute to make
nanotechnology a concept around which boundary woperformed (Gieryn, 1999),
and are hence elements used in negotiating whevaatigoes into particular research
projects, organizations, funding priorities andcgkzed publications (Selin, 2007).

Nanotechnology is therefore not ‘merely’ a techhigeactice that takes place the
putatively isolated laboratory benches of univésiand industries. These practices
co-evolve with a mesh of policies, regulations, lpuperceptions, and organizational
cultures. Recognizing the organizational and d&ger environments within which
nanotechnology lives is hence necessary in disght@nits many components.

In broad terms, the growth and development of rexiotology (specifically in the
United States) has occurred within the frameworkaofelatively new mode of
knowledge production characterized by three featulr@rst, a reconfigured (though
by no means historically disconnected; see Nol9&9) relation between university-
based research centers, governments and industiryptioritizes the comoditization
of knowledge and sets innovation and applicabdsythe ideal outcomes of research
(Etzkowitz and Leydesdorff, 2000; Gibbons, 1994pc&d, a new regulatory
landscape strongly associated to the needs and emmainstrategies of transnational
corporations (Mirowski and Sent, 2002). (Examplethes brave new world are seen
in, but are in no way limited to, the Bayh-Dole Aaft 1980 in the United States,
which provided an incentive for commercial linkagbstween universities and
industry [Good, 2004]; or the expansion of inteled property rights given by the
ruling in Chakrabarty vs. Diamon). And third, whebuld be referred to as a
restructured hierarchy of science in which largalesccentralized research projects
traditionally bound to the physical sciences (¢hg superconducting supercollider)
lost priority and visibility vis-a-vis distributednulti-scale projects in the biological
sciences (e.g. genome sequencing projects). nipsitant to note that despite claims
made in the past, this model of technoscientifiodedge production is by no means
uniformly globalized, leaving space for numerousiateons in forms and practices
between the so-called centers and peripheriesientffec production. Nevertheless,
the intricacies of the interactions between theaessh and development policies and
practical realities between developed and devetppountries has yet to be explored
in all its richness and details.

In addition to its embedding within this relativelyovel mode of knowledge
production, nanotechnology is characterized by vgeaeral authors denote as ELSI-
fication (Kearnes and Macnaghten, 2006; Willian@)&). Namely, the debate around
(and potentially the planning of) nanotechnologycomporates a number of
discussions on the Ethical, Legal and Social Ingpd&EL_SI) of this field/practice,
similar to those that formed part of the Human GeeoProject (Fisher, 2005;
Leydesdorff and Etzkowitz, 2003). These includelss on topics such as the public
perceptions of nanotechnology (Bainbridge, 2002riBand Bellucci, 2008; Keller,
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2006), ethical issues (Grunwald, 2005; UNESCO, 200&il, 2003), and its
implications for areas such as homeland and intieme security and risk assessment
(Altmann, 2004; Pardo-Guerra and Aguayo, 2005; &atind Ratner, 2004; Renn and
Rocco, 2006). Although some of these ELSI-typeistudre attributable to the veneer
of novelty conferred on nanotechnology, many forant @f a concerted institutional
mandate to investigate the possible future effe€teanotechnology on human life
and the environment. Assessments of the effechedet studies on the design and
implementation of research projects and induspridicies are still lacking. However,
the ELSI-fication of nanotechnology possesses aifspégic if understood as a form
of learning upon, or evolutionary adaptation te froblems faced by other fields in
the recent past. An example of this is the debatgemetically modified organisms,
where the role of numerous non-expert interest ggamithin the risk-evaluation and
decision-making process was at stake, and whicarbean issue of controversy in
public policy circles. By incorporating ‘societalorcerns’ in its institutional
configurations, those involved in the managememasfotechnology sought to avoid
alleged problems of public participation and sociakflexivity’ that befell some
groups and organizations associated to technolsgi@s as GMOs (Rip, 2006).

3. Of classifications

The above discussion allows defining a space #maesents specific projects labeled
as examples of ‘nanotechnology’ in terms of twosaxefirst related to the perceived
provenance (and hence the character of the pectewevativeness) of the projects,
and a second related to their degree of ‘sociabat(for instance, through their
‘degree’ of ELSI-fication). An elaboration of thesgo axes, as well as examples of
how they may interact, is presented in Table 1.s€hevo axes are linked by the
manner in which different conceptualizations of tirggins, imagined futures, and
assumed intrinsic potentialities of nanotechnoldgyeract to produce distinct
narratives on the nature of the field. Each of ¢hearratives serves, in a sense, as a
device through which particular communities defpecific boundaries. In this sense,
this taxonomy is one of expectations and beliefeerathan strictly one of technical
provenances.

[INSERT TABLE 1 HERE]

As a rough classification, these two axes diffaedatforms of nanotechnology that
need not have the same institutional organizaon.instance, one could think of two
‘extremes’. On the one hand, one could find a djgeicistance of a project labeled as
being an example of nanotechnology in the areehefmical synthesis (e.g. the mass
production of nanocomposites) where the innovatamesframed as a continuation of
existing trajectories and where there is a peroapthat technology assessment is
essentially unnecessary. If this occurs in the exdndf an organization in which the
meaning of nanotechnology is relatively stable.(a.gmall firm or a small research
group), then this case could be identified as atairce occurring at the top-right
corner of table 1. However, multi-institutional pots with broad aims can also be
identified in which the narratives on nanotechnglage complex, where there is a
number of stakeholders participating in decisiorkimg processes, and in which risks
and benefits are perceived as highly uncertainhSvauld be the case, for instance,
of the US National Cancer Institute’s Alliance fdlanotechnology in Cancer.
Although this taxonomy by no means indicates whetb&rticular projects will
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become the sources of ‘radical’ innovations in fileire, it does give insights as to
how particular projects might be framed by diffdérexctors. Thus, while the first
project would likely proceed without hampering fraggulations or broad ‘societal
concerns’, it is unlikely that it will draw the santype of funding and from the same
sources as the second one.

Since neither of these two dimensions refers taghbnical aspects of the project, it
is convenient to add a third axis representing ifipeareas of research within, and
potential applications of, nanotechnology. Thist ldsnension is perhaps the most
difficult to articulate as the taxonomy of thislflea contested issue. For instance,
from the perspective of the North American IndastiClassification System (US
Census Bureau, 2007), most of the uses of nanaténare set by Codes 31 to 33,
which include food manufacturing (e.g. use of namopgosites as additives in
foodstuff), textile products (e.g. use of nanomateras enhancers of textiles),
petroleum and coal products (e.g. use of nanonadédeas additives in fuels), chemical
manufacturing (e.g. bulk production of nanocompsit and pharmaceuticals (e.g.
targeted drugs). One could also follow the taxonagiwen by the Engineering and
Physical Sciences Research Council of the UK (ERSR@I6), representing
nanotechnology as reducible to eleven differentieti@s: nanofabrication,
nanocharacterization and nanometrology, nanomadelfundamental properties of
nanomaterials, extreme and molecular nanotechnplofionanotechnology,
nanomedicine, functional nanotechnology devicesraadhines, nanomanufacturing,
nanodesign, and nanotoxicology and the environnfenhird taxonomy that shows
its industrial origin derives from Siemens, who cene this field in terms of five
areas of application: chemistry/materials, enemyfenmental technology,
medicine/life sciences, automobile manufacturingyd aelectronics/information
technology (Freise, 2003). Clearly, these categadi® not cover the same grounds;
further, what is novel for one need not be so fa other. However, these are not
merely rhetoric artifacts as they have operatiomdés within the practices and
discourses of particular communities. For the Acwaari regulator, they provide a
differentiation according to what is known aboutustrial organization; for the
British scientist, they serve as a mechanism fgregating the ‘new’ from the ‘old’
and hence for conducting internal evaluations; fmndhe German industrial analyst,
they are a referent for deciding where scarce fundsesearch and development
should be allocated. For simplicity, this paper @da relatively narrow taxonomy.
The following section describes nanotechnologyubtothis taxonomy as divisible in
two broad categories comprised by six sub-categosigown and explained in table 2.
(The categories shown in this table are roughlymanable to the second level of the
hierarchical taxonomy presented by Kostoff, Sturdphnson, Murday, Lau, and
Tolles, 2006).

[INSERT TABLE 2 HERE]
4. Mapping the contours of nanotechnology in Europand the Americas
4.1 Sources

Having provided a brief (and admittedly partialkgaomy, this article will now
proceed to categorize specific countries by logatihem within the three axes
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mentioned above. With this, a series of maps aesgmted that show the different
configurations of nanotechnology across Europethad\mericas.

In methodological terms, the results presentedvbdimlow from three different
datasets. The first consists of a database créateagen October 2004 and September
2005 and consisting of 428 entries representinfer@iit nanotechnology-related
projects and organizations in the United Statesy\a@a, Europe, Japan, China, and
India. These entries correspond to five types dbrac universities, non-for profit
organizations, governmental or government-sponsorganizations, start-ups and
established companies. Each entry contains infeomain the year on which the
project started, its localization (in terms of ciand/or country), the type and
characteristics of the goods it produces or ainaéoluce (according to the third axis
described in the previous section), and its linkafgeother projects, initiatives and
organizations. Two characteristics of the entriesedve mention: First, they are based
on publicly available prospectuses and descriptiohslifferent organizations and
private/public initiatives. In this sense, mostlué organizations listed in the database
actively promoted and advertised their work as dpeianotechnological in nature. In
this sense, companies and/or projects that mightdresidered under ‘standard’
definitions as being nanotechnology but that dolabel themselves as such do not
form part of this dataset. Second, the database dot cover individual research
projects or the work of small groups: the only e¥sh projects considered are those
that occur under the institutional umbrella of myéa organization designated as being
involved in nanotechnology; and in these casesy tm umbrella organization is
represented in the database. Although these ckasditis of the dataset open the
possibility of methodological limitations, the fathat it contains 370 cases of
companies involved in nanotechnology is revealexgcording to some authors, the
worldwide estimate of nanotechnology companies 0052was around 550 (Bhat,
2005). The database thus covers nearly two thifrdseocompanies deemed as being
involved in nanotechnology-related activities a tghlobal level.

The second dataset feeds from the literature omtaaehnology in Latin America.
Although the number of examinations of the develeptrof nanotechnology in this
region is relatively scarce, there are severalrinédive reviews (Delgado Ramos,
2008; Delgado Ramos, 2007; Foladori, 2006; Ullo@)2). Of particular import,
however, are the surveys conducted by the NanoF&UinA, a project operating
under the Sixth EU Framework Programme for Reseanld Technological
Development. The information obtained from thesalists, along with that obtained
from different ministerial reports, was restructlieges a database containing categories
similar to those comprising in the first datasetré] however, the focus is on specific
research programs. Thus, while the first datasatsd®ainly with firms involved in
nanotechnology, this dataset deals with mainly ensitvy-based projects branded as
being expressions of nanotechnology.

The third dataset concerns scholarly articles ensthcial sciences and humanities that
discuss the so-called social, economic and pdlitit@ensions of nanotechnology.
For the United States and Europe, these were @utdiom the social sciences and
arts and humanities citation indices of Thompsoier8iic’s ISI Web of Knowledge
which represent the bulk of the peer-reviewed diigre in established scientific
journals. For Latin America, most of the scholaalyicles were obtained from three
databases: the Red de Revistas Cientificas de Améatina, el Caribe, Espafa y
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Portugal (Redalyc) of the Universidad Autonoma Hetado de Mexico; the Sé&o
Paulo based Scientific Electronic Library Onlineig3.0); and the virtual library of
the Consejo Latinoamericano de Ciencias Socialea@SO0).

4.2 Results — Europe and the world-at-large

Before presenting the specific results for the Aoz, it is convenient to provide

supplementary findings from the first dataset #taw some of the major trends in
nanotechnology in the northern hemisphere. Thd flexives from an expected

recognition of nanotechnology as an activity preoh@mtly based in industrialized

countries. Figure 1 shows the distribution of nanbhology-related companies
across 21 countries (Australia, Belgium, Canadan&hDenmark, Finland, France,

Germany, Hungary, India, Ireland, Italy, Japan, tHetherlands, Korea, Spain,

Sweden, Taiwan, the United Kingdom and the UnitedteS). Of the countries

represented in this first dataset, the United Stdtaminates the landscape with 132
companies, followed by Germany (59), the United géiom (39), Japan (24) and

Korea (20). These five countries concentrate mbaa two thirds of the companies
dedicated to research, development and commeializof nanotechnology.

[INSERT FIGURE 1 HERE]

An indication of the accuracy of this map is preddby cross-reference to the
distribution of nanotechnology-related patents. Mthihe relation between patents,
innovation and industrial activity is far from bgintrivial and little if any
generalizations can be made, it is possible tdobskaa partial causal nexus between
these parameters. Bearing this in mind, and maksegof other studies that feed from
the databases of the United States Patent and meakleOffice (Xin, Yiling,
Hsinchun, and Rocco, 2007) a map of the globalidigion of patents deemed as
being of a nanotechnological character was prodacedis presented as figure 2. As
this figure shows, the distribution of patentsduals the distribution of companies in
nanotechnology with the United States (3,450), dgpa7), Germany (204), France
(156) and Korea (131) concentrating more than fiftins of the 5363 patents at the
global level.

[INSERT FIGURE 2 HERE]

Additional information is provided by the types @mmercial projects taking place
within nanotechnology at the global level. Basedlun first dataset and on the third
axis of the taxonomy described in table 2, it isgible to classify corporate entries in
different countries in terms of the type of actastin which they are involved. Figure
3 shows such the result of this categorization. uholerstand these results, it is
convenient to provide some brief examples of thge tgf companies and activities
that fall under each category. The category ‘senaad nano-arrays’ includes firms
such as the Immunicon Corporation (USA), providifgrrofluids (magnetic

nanoparticles) and specific devices for cell isolatand Integrated BioDiagnostics
(Germany) offering customer specific biochips. Hfiere, this category mainly
consists of companies elsewhere deemed as involvddo-nanotechnology. The
category of ‘bio-interfaces’, on the other hand;lunles companies involved in the
production of biocompatible implants. Such is thesec of GfE Medizintechnik

(Germany) which commercializes covalent titaniumayaoating for reducing bodily
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reactions to implants. The category of ‘pharmacailgi and cosmetics’ includes
companies ranging from L'Oreal (France) and SkyemhaPlc (UK, providers of
dried powder inhalers for drug delivery) to the rEl@orporation (Ireland, offering
nanocrystal technology for the delivery of insokildrugs) and LiPlasome Pharma
A/S (Denmark, producers of anticancer drug delivarstems). Contrary to the firms
grouped under the heading of ‘sensors and nangsirréhose included in this
category are involved in the therapeutic applicaiof nanotechnology rather than in
the development imaging and testing systems. Thegoey of ‘nanomaterials and
nanocomposites’ is somewhat self-descriptive ahdompasses companies involved
in the production and commercialization of materialrhese include, but are not
limited to, carbon nanotubes (Shenzhen Nanotech@Ltd, China), biocomposites
(SusTech, Germany), quantum dots (Evident techmedpd)SA), nanostructures for
gas storage (BASF, Germany), and nanopowders (liesrd_td, UK). The fifth
category, ‘thin films and surface technologies¢liudes companies such as Altair
Nanotechnology Inc (USA) and Nanofilm Technologidaternational Ltd
(Singapore), providers of coating services for sidu Finally, the category of
‘measurement and fine control’ refers to comparsesh as Triple-O Microscopy
(Germany) which offer cantilevers and probes fansing probe microscopy. From
this graph, it is clear that companies involvedhea production of nanomaterials and
nanocomposites represent more than a third ofahwke. Indeed, companies related
to the second type of nanotechnology as presentable 2 (namely, those involved
in a form of nanotechnology that is closer in piEtinstitutional organization and
technical details to research in condensed matt&l/state physics) represent more
than two thirds of the global sample. Companiesolved in the first form of
nanotechnology (namely, that connected to bioldgipalications and similar in form
and institutionalization to biotechnology and thepnaceutical industry) are roughly
equally divided in terms of the development and e@rctialization of sensors and of
therapeutic systems.

[INSERT FIGURE 3 HERE]

A closer look at the regional organization of thesenpanies shows that the patterns
observed in figure 1 are preserved, to a certabenéxat lower scales. Figure 4
presents the distribution of nanotechnology-relatechpanies for Europe, showing
that general patterns of industrial organizatiom r@plicated by the self-denominated
emerging industry in nanotechnology: not only abenpanies located in areas with
strong pre-existing industrial activity (e.g. Sodthst England), but there is some
evidence of clustering of companies according wrthype’ (e.g. South-West and
North-West Germany).

[INSERT FIGURE 4 HERE]

The spatial organization of firms described ab®veaupled to a complex of policies,
regulations and public perceptions on the natureasfotechnology as an emerging
field of research and development. In particulae, énvironments where these firms
exist can be decomposed in terms of the mannehichwanotechnology is presented
as requiring various levels of social engagemedtparblic reflection. For the purpose
of analysis, in this paper it is assumed that iteealture on the ‘social dimensions’
and/or implications of nanotechnology provides exgrfor this broader discursive
environment: for instance, if nanotechnology is s®¢n as controversial and hence as

10
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requiring little ‘social’ input, then the literair on the social impacts of
nanotechnology will be scare. Bearing this in miadg using the taxonomy provided
in table 1, a categorization of the articles onatechnology, produced in Europe and
listed in the database of ISI Web of Knowledgehia &reas of social sciences and arts
and humanities, generates the distribution showfigure 5. From this figure, it is
possible to observe that perceptions on the degréeinnovativeness of
nanotechnology are not constant across countriesthé United Kingdom, for
instance, the early literature on nanotechnologglpminantly rendered this field as a
potentially disruptive innovation requiring new #&migal techniques and a new
understanding of the relations between sciencantdogy and society. The literature
in the Netherlands, on the other hand, contairigteeh percentage of texts conceiving
nanotechnology as a radical departure from the pasiargely as an activity that can
be understood and managed with existing techniques.

[INSERT FIGURE 5 HERE]
4.3 Results — the United States and Latin America

The patterns of what is broadly labeled as ‘narwotelogy’ in the Americas are

clearly dominated by the industrial and scientdimamics of the United States. For
instance, whilst the first dataset contains noiestior Latin America, there are 141
firms in the United States self-identified as inxad in nanotechnology. Likewise,

while the literature on the ethical, social andalegspects of nanotechnology in the
United States is extensive and comparable in sidecharacteristics to what exists in
Europe, it is less common in southern regions ef American continent. In this

sense, and taking Canada and the United Statesf the account for the time being,

the results for the Americas are reduced to rebeantl development activities in

three countries, Mexico, Brazil and Argentina, whiconcentrate most of the

activities labeled as nanotechnology in the region.

Given that nanotechnology in Latin America is ttedthe research and development
activities of universities and other non-for-profistitutions, the spatial distribution of
this field is somewhat predictable. Indeed, figude shows that activities in
nanotechnology in Latin America follow the gengpalterns of the region, whereby
research centers are located near, or are highipeoted to, centers of economic
activity. In Brazil, where research in nanotechgglooccurs within networks
established under the auspices of the Ministryoiéi&e and Technology, the projects
are concentrated in the Atlantic coast, along staldished centers of economic and
intellectual activity. The same pattern occurs irexMdo and Argentina, where
research and development in nanotechnology takasepin areas that harbor
institutions with a long tradition of research metchemical and physical sciences;
such are the cases of the Universidad National artea de Mexico in Mexico City,
Mexico, and the Centro Nacional de Energia Atoniic8ariloche, Argentina. Here,
it is important to note that, of all the countrieghe region, only Brazil and Argentina
have federally-sponsored and federally-funded reantnmtology programs comparable
to the United State’s National Nanotechnology #titie.

[INSERT FIGURE 6 HERE]
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The type of activities pursued in the region arsoaindicative of previous
developmental trajectories. As represented in &giédr research in nanomaterials
represents 40% of the region’s projects in naneotelclyy, followed by research in
thin films and surface technologies (27%), pharraticals and cosmetics (23%) and
measurement, control and simulation (10%). Esthblisocal research communities
in the areas of chemistry, condensed matter and stdte physics serves as the
explanation for this distribution. Whereas thes#ds were the ‘natural’ predecessors
for research in nanomaterials and were widely iisted across the university
systems of the subcontinent, biotechnology and btamne — the ideal predecessors
for so-called bio-nanotechnology — were until rebeless dispersed and less frequent
(partly due to the entry costs of research in rdmoant biotechnology as well as the
costs associated with the temporally long proces$gsarmaceutical development
and commercialization). Intra-regional differen@e likewise accountable in terms
of the interaction of local institutional realitiasd policies of science and technology.
In Brazil, for instance, the ten research netwoek$ablished by the Ministry of
Science and Technology (Ministerio da Ciencia endéagia, 2006) included projects
such as the simulation and modeling of nanostrastuthe development of
nanocosmetics, and nano-glyco-biotechnology (inelvin exploiting naturally
occurring polysaccharides for the preparation olos&rucutred materials). In Mexico,
on the other hand, the projects covered underuhsgcrof nanotechnology are more
narrowly defined in terms of research on nanomatesuch as carbon nanotubes, as
made evident by the projects of the Advanced Mal®rGroup of the Instituto
Potosino de Investigacion Cientifica y Tecnolédeee (Foladori 2006; Ulloa 2002)).
This variation occurs despite the fact that redeancthe area of the commercial
applications of bio-polysaccharides also exist8l@xico, although not under the label
of nanotechnology (in particular such researctocated at the Escuela Nacional de
Ciencias Biologicas of the Instituto Nacional Ragiico in Mexico City, Mexico).

[INSERT FIGURE 7 HERE]

The ELSI-fication of nanotechnology in Latin Amexics also a matter of regional
and institutional variation. Here, a series of obbagons must be made. First, and as
mentioned by (Foladori 2006), nanotechnology inrLAimerica is often presented as
necessary for guaranteeing the competitivenessuoftdes in the region. However, in
its different institutional incarnations (be thelget Argentinean Nanotechnology
Foundation, the Colombian Center for Science anthii@logy at the Nanoscale, or
the several research networks in Brazil), nanotelcyy is strictly limited to a
‘technical’ sense. Research into the social anttatklimensions of this field do not
form part of the mandates of the projects and nedsvof Latin American countries,
less so of the ministries in charge of planningeaesh and development. And the
rhetoric surrounding these projects seems to studigasthe prevailing perception in
the science and technology policy circles in thggar is one of nanotechnology as a
radical innovation, rather than a disruptive tedbgg, in which investment must be
made.

Second, it should be noted that the general mearingnotechnology in the region is
derived from metaphors of miniaturization and imy@@ chemical synthesis.
Biological metaphors are hence not so prominemh &urope and the United States,
where so-called bio-nanotechnology is consideretrgortant area of the field. The
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possible exception for this is Brazil, where theagrof projects under the rubric of
nanotechnology incorporates several lines of rebearthe bio-sciences.

Third, and finally, the ELSI-fication of nanotecHogy in Latin America has only
recently emerged as a novel trend. In Brazil, thgifming of such trend is arguably
located, between 2002 and 2004, when a numberseérehers in the social sciences
redefined nanotechnology as an area of both ecanamd social interest. Concerns
started in the form of inquiries on the impact ahatechnology on human health and
the environment (Martins, 2006; Martins, 2005; QuiR004) but have been gradually
extending to discourses on convergence and dismuptinovations (Cavalhiero,
2007). In Hispanic Latin America, research on thelications of nanotechnology has
been largely confined to a handful of authors. €héswever, seem to have followed
a path similar to that of their Brazilian counteatpaan interest initially located in the
economics of nanotechnology and its environmemtglaicts was transformed into a
wider concern on the broader social aspects offigld (see, for instance, the articles
listed by the Latin American Nanotechnology andi&tycNetwork, RedLANS). An
important factor for this transformation has bedme tinvolvement of several
transnational non-governmental organizations, whselry similar social agendas
across borders, enrolling local social scientistgarticular debates.

5. Discussion and conclusions

The landscapes presented in the previous sectinderenanotechnology in its
broadest definition as an inherently heterogendiels In practice, the organizations
deemed as involved in nanotechnology carry ouviies in a number of disciplinary
and technical areas (from computer simulationshofganic molecular structures to
environmental remediation technologies), feed framange of narratives, and are
embedded in locales structured by different apgresdo the social, economic and
political dynamics of science and technology. Iis ttense, nanotechnology is not a
strictly delimited unit of practice, knowledge achnique. There is, in a sense, no
such thing as a token ‘nanotechnologist’ with cotapeies in ‘nanotechnology’. The
contours of nanotechnology and its definitionalpgcare produced at the intersection
of local historical experiences in research andettgpment and global narratives of
revolutionary and disruptive innovations. And, st sense, nanotechnology exists
mainly as a category used by different actors tgtiate their position within a wider
sea of technoscientific innovation activities.

From this perspective, the mapping(s) of nanoteldgyopresented above should be
read not as snapshots of the dynamic evolutioma#raerging field or of a solid and
finite type of practices, but rather as expressufrtte different forms of mobilization
and use of nanotechnology as a category applieghasticular projects, groups,
institutions and programs. In a sense, the taxoesméscribed towards the beginning
of this article should be read not as categorinatiof what ‘is’ nanotechnology in a
strict realist sense; they are categories thatrrefe the manner in which
nanotechnology can, and often is, presented ierifft spheres.

To say that nanotechnology is best understood astegory used by actors in
different arenas does not imply that it is merethetorical ploy; it does not mean that
nanotechnology is simply the season’s collectiothefemperor’'s new (and invisibly
inexistent) clothes. Although at the global levelis nearly impossible, indeed
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analytically undesirable, to identify a unique arairect form of nanotechnology, at
the smaller scale it is possible to observe hows@, the concept of hanotechnology
becomes more bounded, solidified and pragmatice Th& cases of nanotechnology
interpreted as either a global or local phenometioone thinks of this field as a
global phenomenon, the issue of definitions andgmizations becomes somewhat of
a paradox. As figures 1 and 2 show, the distributid firms and projects self-
described as connected to nanotechnology is ovendl, both in a spatial and
thematic sense, making a unique definition probtemaif one defines
nanotechnology broadly, for instance, as the samy manipulation of matter at the
scaled of 1 to 100 nanometers in order to accomtedtia community-at-large, then
‘too many things’ become nanotechnology and drawibmgindaries becomes a
laborious task since the technical competenciebdorg a nanotechnologist exist in a
number of non-overlapping fields. On the other hahdoo narrow a definition is
given, one faces the danger of leaving out of ttmant groups and projects with
relevant competencies and which can potentiallgdagces of institutional, political,
financial and technical support. At the local leviebwever, the danger of giving
narrower definitions of nanotechnology is reduc8dch is visible in Mexico and
Argentina, where the definition of nanotechnologgtrongly influenced by physicists
rather than by biotechnologists (in Mexico the egharis particularly relevant since
the lack of a national nanotechnology initiative plras that being labeled
‘nanotechnology’ does not have direct consequeanesccess to federal funding). In
Brazil, on the other hand, the construction of aaldr definition of nanotechnology
served as mechanism for rallying funds and gemgyatietworks based on the
experience and activities of pre-existing resegrclups.

Returning to the first question presented at thseaiwf this article, nanotechnology is
hence not a novel phenomenon in and of itself, faxscas the bulk of
nanotechnological research, development and inmmovatollows established
technological trajectories (e.g. in continuing timerease in transistor density in
microcircuits) and technoscientific practices anaktitutions. The novelty of
nanotechnology derives from the manner in whick term has been used to build
new networks of collaboration, to project specifiages to the market (and to create
the market), to redefine the boundaries of exiséind new research communities, to
obtain support for funding, and to generate a setdiffig of policies and their
associated bureaucracies that guarantee the lttresohmorphous field in the medium
term. The differences highlighted by the mappirfgtlee previous section are
therefore differences in the provenance, instinglzation, and strategic planning of
scientific and industrial communities in differaegions of the world: being labeled a
nanotechnology firm in the United States might haeene benefits; however, the
same is not necessarily applicable to a firm int€®&&ca or Argentina. And in this
sense, such variations are exemplifications ofdifierent modes of production of
science across the world: whereas practices ib/thied States and, to a lesser degree
Europe, seek to link industry to universities, saee is not true in Latin America.

In this sense, the answer to the second questisedpat the beginning of this article is
not to be found looking at nanotechnology as a liped technological unit,
invariantly transportable across time and spacd, fan which generic investments
can be made. Nanotechnology should be viewed asmtyonly if properly defined,
domesticated, and institutionalized. Investing he tabel alone is a policy fraught
with potential disasters. What is required areawrall policies for ‘nanotechnology’
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as a generic field, but rather sectorial policmsfinite areas and projects in which the
short and medium term applications are visible fandvhich there is local support in
the form of established structures for research dewklopment. Some instances of
so-called nanomaterials are a prime example of #sighe demand for tailored nano-
materials increases (e.g. carbon nanotubes), meeds directed towards increases in
the efficiency of production of such materials bees profitable in the medium term.
Yet investing in this area as such is not necdgs#iie same as investing in
nanotechnologper se.

Following this line of thought, the types and degreof ELSI-fication of
nanotechnology can, and indeed should, be undersieareflections of local(ized)
interests. It is not odd, for instance, that fout of the six social sciences articles
produced on nanotechnology in Switzerland and deduin the social sciences
citation index of ISI Web of Knowledge refer to,ane in some manner connected, to
the issues of risk, insurance and emerging teclgredothe most cited, though by no
means the first, report on insurance in nanotedyylas produced by the re-
insurers Swiss Re in 2004 (Hett, 2004), explaitivgparticular approach to the topic
(Bucher, Birkenmeier, Brodbeck, and Escher, 20@#)yrtber, 2006; Hett and Herold,
2005; Siegrist, Keller, Kastenholz, Frey, and Wi@k07). In a sense, the ELSI-
fication of nanotechnology serves not only an etiohary logic, as an adaptation to
previous technological controversies (such is thsecof the United States and
Europe, where issues of risk and social partiogpain the debate on genetically
modified organisms led to the institutionalizati@nELSI-type projects at the level of
the National Nanotechnology Initiative and the Ex@an Commission). The ELSI-
fication of nanotechnology is also a mean by whdohtested futures are negotiated,
deconstructed and packaged for re-distribution. liteeature in the Netherlands, for
instance, has largely become an effort to ‘domaticnanotechnology into a
tractable field (see, for instance, the role playgdtechnology assessment in the
NanoNed (2006) program). In the same way, work len docial, ethical and legal
impacts of nanotechnology in the United Sates lasgely worked within the
institutional boundaries and priorities of nanotealogy as conceived by the National
Nanotechnology Initiative. Consider, for instandbge International Council on
Nanotechnology, ICON, based at Rice University, dhdt seeks to foster risk
reduction ‘while maximizing societal benefit' as lwas the Project on Emerging
Nanotechnologies endeavored by the Woodrow Wils@mt€ for International
Scholars which follows a similar rationale. The rawder and approach of these two
organizations contrasts with the initial strategadsthe Foresight Institute, where
much of the discourse on radical futuristic scesgnriginated (Wood, Geldart, and
Jones, 2008).

The locally contingent nature of the ELSI-ficatiohnanotechnology can be rendered
in terms of two lessons for Latin America. Firdtat although awareness of social,
economic and ethical studies of nanotechnology rg¢ee in the United States and
Europe is important, these must be framed in tipeagiate context. In this sense, the
replication of narratives about radical and/or @iiéive innovations, or about untamed
futuristic risks, are ineffective as they are imsically tied to particular (often

external) conceptualizations the nature of theadamider (e.g. of the social ‘role’ of

technology, of the organization of the polity or tbfe planning of science and
technology). Second, that studies on the socmakdsions of nanotechnology in the
region should take into account the historicitythad different practices, communities,
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and institutions that are said to be involved ie ttonsolidation of this field. The
literature in Latin America has, in a sense, rgéd some of the methodological
pitfalls of the literature in the United States dfarope by assuming (or accepting)
nanotechnology as a novel form of technoscientifie, devoid of any historical
continuities or technical entanglements. Rathen tharsuing this path, research on
the social dimensions of nanotechnology should sealeconstruct and re-assemble
the local meanings and histories behind what errefl to as nanotechnology in order
to produce an analytical frame that captures tblenieal, political and organizational
realities of existing institutions. By tracing sucbntinuities, the limits and potentials
of particular lines of research and development lmglcome clearer, as the different
motors and bottlenecks of existing trajectoriesdiiferentiated.

This article is but a tentative approximation te @nalysis of nanotechnology as a
hybrid field of research, development and innovatidighlighting the heterogeneity

of nanotechnology in both Europe and the Ameribasugh different mappings and

taxonomies, it sets the grounds for a reassesswiemanotechnology not as a

coherent technical unit generically based on theipudation of matter at sub-micron

scales but rather as a label applied by actorsa¢ha world to different activities and

organizations. Adopting such perspective renderoteghnology as a phenomenon
built at local levels integrating (and indeed rerpteting) existing trajectories of

technoscientific development in different fieldshi§ observation thus calls for

analysts to engage in critical (and perhaps moresawative) re-examination of

nanotechnology, seeking continuities rather thasrugitive change. Such re-

examination is particularly relevant in countribattshow interest in nanotechnology
as a promissory area of investments but where rilastrial and technoscientific

organization if structurally different from the Wed States and Europe.
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a radical
innovation. There
is an intense ESLI-
fication of

Nanotechnology acquires a wide multiplicity of mieas and
becomes a publicly contested topic. Several naaaton the

origins of nanotechnology co-exist. Since it isoeéved as &

Adicriintive o\ L Aarn fAarnicn

enptprot-only

its impacts on the market but also on human life &me
environment in gfgeral. Debates on regulation, dserand
promised futures“are framed in ethical and sociétains

tanhnAal~ offarte Pal
Uisiaptve LC\JIIIIUIUU_Y, erortSarerocuseaon—e
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therefore leading to the institutionalization of Hktype

programs.
(111.3)
(11.2) Nanotechnology i$
Nanotechnology is (111.2) seen as a source pf
seen as the sourcdNanotechnology | compounds  with
of sub-micron| becomes the sour¢enovel properties
nanotechnology. | designs inspired onof breakthroughs inand a wide
ELSI-type studies biological systems|. miniaturization and spectrum of
are The scenarios qfthe production of application.
institutionalized. | future uses| microsystems angdHowever, such
however, vary interfaces. compounds are
widely, from those However, it is seenconsidered
of grey-goo to as posing risks inpotential sources gf
those of| terms potential risk, not accounted
domesticated  int mis-uses. for in  current
Vivo sensors. assessment
techniques.

TABLE 1. A taxonomy of instances of nanotechnologpjects based on their
perceived levels of innovation and their perceigadin.
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Subcategories

Description

Disciplinary and
industrial

precedents

Promises (examples)

Sensors and nano
arrays

- Development of high efficienc
sensors for in-vivo assays and
portable sensors for environmen
analysis ‘in the field’

yBiomedicine,
qthysiology, chemistry
talnd pharmacology

Real-time early
detection of multiple
genetic disorders;

dangerous substan
detection for uses i

Ce

toxicology and
homeland security
Bio-interfaces Development of versatileBiomedicine, High resolution
o, immunologically non-reactive physiology, material imaging through
o substances for uses in medicine amsdiences magnetic Nano:
g of imaging and contrast materials particles
S Pharmaceuticals Development of targeted deliverBiomedicine, Effective delivery of
g and cosmetics systems for pharmaceuticals and|chemistry, drugs with increased
2 trans-dermal and pulmonary deliverpharmacology combined efficiency
g mechanisms and reduced side-
Q effects (for instance,
@ in chemotherapy)
Nano-materials and| Development of materials exploitingMaterial sciences, Use of carbor
= nano-composites size/volume ratio and/or behavigrshemistry nanotubes for their
L > derived from the quantum properties use as energy-
g S of complex molecular structures efficient electrical
S 8 devices in  new
g § generations of
25 microcircuits
£ S | Thin  films  and | Development of systems based on [tivdaterial sciences Low cost diamond
=~ & | surface technologies| optical, physical and catalytic coating, high
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properties of thin films efficiency energy an(
photovoltaic cells
Measurement  and| Development of systems for théMaterial sciencesg, Ultra-precision
fine control manipulation and analysis of mattgorecision engineering lithography for new
at small scales generation silicor
wafers

TABLE 2. Taxonomy of nanotechnologies accordinghiir technical characteristics

24



Paper presented in the Prime-Latin America Conferext Mexico City, September 24-26 2008

W 20to 132
W 7t 20 (4
| 4to T
O 3t0 4 (5
O 1t0 3 (5

FIGURE 1. Distribution of companies self-identifieas engaged in research and
development in nanotechnology.
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W 100to 3,450 (6)
"l 50to 100 (3)
B 30tc 50 (1)
O 20t0 30 (3)
O 0to 20 ()

FIGURE 2. The global distribution of patents in agthnology according to the USPTO
as obtained by Xin et al, 2007.
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12%

17%

36%

[ Pharmaceuticals and cosmetics

B Bio-interfaces

B Sensors and nano-arrays

B8 Nanomaterials and nanocompositlsThin films and surface technologi&Measurement and fine control

FIGURE 3. The commercial landscape of nanotechilogterms of the types of

activities in which companies are involved
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Belarus

SOl e
Belgigué/Belgig Dettachiand

Lukefnbourg® ¢

i

By Ukraine

Liechtént{ein"05terreich

Romania

San Marino

\Boama

¥ *Bio-interfaces (1)

#Measurement and fine control 47)

Halia @Nanomaterials and nanocomposites (40)
Pharmaceuticals and cosmetics (10)

¥ Sensors and nano-arrays (8)

A Thin films and surface technologies  (23)

FIGURE 4. Distribution of nanotechnology-relatedrfs in Europe, according to the type
of activities in which they are involved

28



Paper presented in the Prime-Latin America Conferext Mexico City, September 24-26 2008

Perceived character of

nanotechnalogy
M Radical [@ Disruptive

25

Number of articles published as of May 2008

WUrnted Gamay MNethalands  Balgum Firland France  Switcerfand Faly Swaden Hungary Moaraay Span
Fingdam

Country

FIGURE 5. The distribution of European academiiclkes on the social, legal and ethical
impacts of nanotechnology listed in ISI Web of Kiedge.
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#Measurement and fine control {11)
@NManomaterials and nanocomposites (45)
. Pharmaceuticals and cosmetics (26)

Thin films and surface technologies (28)

FIGURE 6. The distribution of nanotechnology-rete®&D projects in Latin America

30



Paper presented in the Prime-Latin America Conferext Mexico City, September 24-26 2008
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FIGURE 7. Distribution of nanotechnology by typetie Mexico, Brazil, Argentina and
Chile
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