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Remote Controlled In Vivo Reaction Method
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TECHNICAL FIELD

The present application relates, in general, to the field of devices, systems and/or

methods for remotely affecting chemical or other reactions.

BACKGROUND

Implantable controlled release devices for drug delivery have been developed;
certain devices rely upon the gradual release of a drug from a polymeric carrier over time,
due to degradation of the carrier. Polymer-based drug release devices are being
developed that include a drug in a ferropolymer that may be heated by an externaﬁy
applied magnetic field, thus influencing the drug release. MEMS based drug release
devices that include integrated electrical circuitry are also under development, as are
MEMS based systems for performing chemical reactions. Wireless transmission of
electromagnetic signals of various frequencies is well known in the areas of

communications and data transmission, as well as in selected biomedical applications.

SUMMARY

The present application relates, in general, to the field of devices and systems for
performing chemical reactions. In particular, the present application relates to remotely
controlled reaction devices that make use of control signals carried between a remote
controller and a reaction device in an environment by electrical, magnetic, or
electromagnetic fields or radiation. Embodiments of a system including a remotely
controlled reaction device and associated controller are described. Methods of use and
control of the device are also disclosed. According to various embodiments, a reaction
device is placed in an environment in order to perform a chemical reaction in an
environment. Exemplary environments include a body of an organism, a body of water,

or an enclosed volume of a fluid.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates an embodiment of a system including a remotely controlled reaction

device;
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FIG. 2 depicts an embodiment of a reaction device includiné an internal reaction region,
FIG. 3 depicts an embodiment of a reaction device including a reaction region on an
exterior portion of a body structure;

FIG. 4 depicts an embodiment of a remotely activatable control element;

FIG. 5 is a cross-sectional view of a reaction device;

FIG. 6 depicts an embodiment of a system including a remote control device and a
release device;

FIG. 7 depicts a remotely activatable element including a plurality of electromagnetically
active elements; |

FIG. 8A depicts an exemplary reaction region;

FIG. 8B depicts expansion of the reaction region of FIG. 8A in a first direction;

FIG. 8C depicts expansion of the reaction region of FIG. 8A in a second direction;

FIG. 8D depicts expansion of the reaction region of FIG. 8A in first and second
directions;

FIGS. 9A and 9B depict expansion of a reaction volume;

FIGS. 10A and 10B depict unfolding of a pleated reaction region;

FIGS. 11A and 11B depict expansion of a porous element;

FIGS. 12A and 12B depict an example of the effect of stretching of a reaction region;
FIGS. 13A and 13B depict another example of an effect of stretching of a reaction region;
FIGS. 14A and 14B are cross-sectional views of an embodiment of a reaction device
including a heating element;

FIGS. 15A and 15B are cross-sectional views of another embodiment of a reaction device
including a heating element;

FIGS. 16A and 16B depict an exemplary embodiment of a reaction region;

FIGS. 17A and 17B depict another exemplary embodiment of a reaction region;

FIGS. 18A and 18B depict another exemplary embodiment of a reaction region;

FIG. 19 is a cross-sectional view of a reaction device having a valve at an outlet;

FIG. 20 is a cross-sectional view of a reaction device having a valve at an inlet;

FIG. 21 illustrates an embodiment of a reaction device including an antenna;

FIG. 22 illustrates an embodiment of a reaction device including a resonant element;
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FIG. 23 illustrates an embodiment of a reaction device including remotely activatable
molecules;

FIG. 24 illustrates the reaction device of FIG. 23 following excitation of the remotely
activatable molecules;

FIG. 25 is a cross-sectional view of an embodiment of a reaction device;

FIGS. 26A and 26B depict an example of the effect of unfolding a reaction region;
FIG. 27 is a cross-sectional view of an embodiment of a valve including a remotely
activatable valve element;

FIG. 28 is a cross-sectional view of an embodiment of a valve including a remotely
activatable valve element;

FIG. 29 illustrates an embodiment of a system including a remotely controlled reaction
device;

FIG. 30 illustrates an embodiment of a system including a remotely controlled reaction
device; |

FIG. 31 illustrates an embodiment of a system including a remotely controlled reaction
device;

FIG. 32 depicts an embodiment of a system including a remote control device and a
reaction device including a sensor; '

FIG. 33 depicts an embodiment of a system including a remote coﬁtrol device and a
reaction device including a sensor;

FIG. 34 depicts an embodiment of a system including a remote control device and a
reaction device including a sensor;

FIG. 35 illustrates a c'ontrol signal generated from stored pattern data;

FIG. 36 illustrates a control signal calculated from a model based on stored parameters;
FIG. 37 illustrates an embodiment of a remote control device including software for
controlling control signal generation and transmission;

FIG. 38 depicts an exemplary control signal,

FIG. 39 depicts another exemplary control signal;

FIG. 40 depicts another exemplary control signal;

FIG. 41 depicts a reaction device including a plurality of electrically or magnetically

responsive elements;
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FIG. 42 is a flow diagram of an embodiment of a method of performing a reaction;

FIG. 43 is a flow diagram of an embodiment of a method of performing a reaction;

FIG. 44 is a flow diagram of an embodiment of a method of controlling a reaction device;
FIG. 45 is a flow diagram of an emboﬁimen’c of a reaction method;

FIG. 46 is a flow diagram of an embodiment of a method of controlling a reaction device;
FIG. 47 is a flow diagram of an embodiment of a method of controlling a reaction device;
FIG. 48 is a flow diagram of an embodiment of a method of controlling a reaction device;
and

FIG. 49 is a flow diagram of an embodiment of a method of controlling a reaction device.

DETAILED DESCRIPTION

FIG. 1 depicts a first exemplary embodiment of a reaction system 10. In the
embodiment of FIG. 1, reaction system 10 includes reaction device 12 located in an
environment 14, (which, in this particular example, is 2 human body) and remote
controller 16. As used herein, the term “remote” refers to the transmission of information
(e.g. data or control signals) or power signals or other interactions between the remote
controller or the reaction system without a connecting element such as a wire or cable
linking the remote controller and the reaction system, and does not imply a particular
spatial relationship between the remote controller and the reaction device, which may, in
various embodiments, be separated by relatively large distances (e.g. miles or kilometers)
or a relatively small distances (e.g. inches or millimeters). Reaction device 12 includes a
remotely activatable control element 18 that is responsive to an electromagnetic control
signal generated by remote controller 16.

An exemplary embodiment of a reaction device is depicted in FIG. 2. Reaction
device 20 includes remotely activatable control element 22 in body structure 24. Body
structure 24 includes inlet 26 which provides for the movement of materials (either by
mass fluid flow or molecular diffusion) into an internal space 27, and outlet 28 which
provides for movement of materials out of intérnal space 27. A reaction region 30 is
located on an inner surface of reaction device 20. A reaction occurring at reaction region
30 may be modulated by the activity of remotely activatable control element 22. As an

example, reactant molecules 32 may move into reaction device 20 and participate in a
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reaction at reaction region 30. Reaction product molecules 34 then exit reaction device
20 via outlet 28. |

While FIG. 2 depicts a reaction device 20 having a reaction region 30 within a
body structure 24, FIG. 3 illustrates a reaction device 40 with a reaction region 46 located
on an outer surface of a body structure 42. A remotely activatable control element 44
may be located within reaction device 40. Reactant molecules 48 undergo a reaction at
reacﬁon region 46, on the exterior of body structure 24, to form reaction product 50.

The body structure of the reaction device (e.g. body structure 24 in FIG. 2 or body
structure 42 in FIG. 3) may be adapted for a specific environment. The size, shape, and
materials of the body structure influence suitability for a particular environment. For
example, a device intended for use in a body of a human or other organism should have
suitable biocompatibility characteristics. For use in any environment, the bbdy structure
(and device as a whole) may be designed to withstand environmental conditions such as
temperature, chemical exposure, and mechanical stresses. Moreover, the body structure
may include features that allow it to be placed or positioned in a desired location in the
environment, or targeted to a desired location in the environment. Such features may
include size and shape features, tethers or gripping structures to prevent movement of the
body structure in the environment (in the case that the device is placed in the desired
location) or targeting features (surface chemistry, shape, etc.) that may direct the device
toward or cause it to be localized in a desired location. Small devices (e.g. as may be
used for placement in the body of an organism) may be constructed using methods known
to those in skill of the art of microfabrication. In applications where size is nota
constraint, a wide variety of fabrication methods may be employed.

In some embodiments, a remotely activatable control element may be formed
entirely of a magnetically or an electrically responsive material or structure. In other
embodiments, a remotely activatable control element may include multiple magnetically
or electrically responsive components (e.g. ferrous particles). In some embodiments, as
depicted in FIG. 4 in schematic form, a remotely activatable control element 60 may
include a magnetically or electrically active component 62 which forms only a part of the

magnetically or electrically responsive control element. -
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Reaction systems as depicted in FIG. 1 may include, for example, a reaction
device as exemplified in FIG. 2, including a body structure 24 adapted for positioning in
a body of an organism, a reaction region 30 located in or on the body structure, the
reaction region including a first material capable of influencing a chemical reaction; and
a remotely activatable control element 22 operably coupled to the body structure and
responsive to an electromagnetic field control signal to modify one or more of the rate or
kinetics of the chemical reaction. A reaction system may also include a remote control
signal source (16 in FIG. 1) capable of generating an electromagnetic control signal
sufficient to activate the remotely activatable control element to produce a desired rate or
kinetics of the chemical reaction.

The reaction region of the reaction device may be located in an interior portion of
the body structure and may be at least intermittently in fluid communication with the
environment via at least one inlet or outlet, as depicted in FIG. 2. The operation of the

- reaction device will be described in greater detail in connection with FIG. 5. FIG. Sisa
cross sectional view of a reaction device 70 of the same general type as shown in FIG. 2,
including a body structure 72 having an inlet 81 and outlet 82 and enclosing a reaction
volume 74. A reaction region 76 includes a first material 78 that is capable of
influencing a chemical reaction. Remotely activatable control element 80 is responsive
10 an electromagnetic control signal to modify the influence of first material 78 on a
chemical reaction. Alternatively, in some embodiments, the reaction region may be
located on an exterior portion of the body structure in fluid communication with the
environment, as depicted in FIG. 3. As will be described in greater detail herein, reaction
device 70 may further include a valve responsive to a change in at least one dimension of
the remotely activatable control element. The valve may be configured to modify the
flow of fluid into the reaction region responsive to the change in at least one dimension of
the remotely activatable control element. Additional portions of the reaction region may
be exposed responsive to the change in at least one dimension of the remotely activatable
control element. A surface area of the reaction region may be modified requnsive to the
change in at least one dimension of the remotely activatable control element, or a volume

of a reaction space containing the reaction region within the interior portion of the body
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structure may be modified responsive to the change in at least one dimension of the
remotely activatable control element.

FIG. 6 depicts a reaction system 100 including an exemplary remote controller or
remote control signal source 102 and a reaction device 104. Reaction device 104 is
positioned in‘an environment 106, and includes remotely activatable control element 108.
Remotely activatable control element 108 is responsive to an electromagnetic control
signal 110 produced by remote control signal source 102, Remote control signal source
102 may include electrical circuitry 112, a signal generator 114, and a signal transmitter
116. Signal transmitter 116 may include a sending device which may be, for example, an
antenna or waveguide suitable for use with an electromagnetic signal. Static and
quasistatic electrical fields may be produced, for example, by charged metallic surfaces,
while static and quasistatic magnetic fields may be produced, for example, by passing
current through one or more wires or coils, or through the use of one or more permanent
magnets, as known to those of skill in the art. As used herein, the terms transmit,
transmitter, and transmission are not limited to only transmitting in the sense of
radiowave transmission and reception of electromagnetic signals, but are also applied to
wireless coupling and/or conveyance of magnetic signals from one or more initial |
locations to one or more remote locations.
| The remote control signal source (as depicted generally in FIG. 6) may be
configured to produce an electromagnetic control signal having various characteristics,
depending upon the intended application of the system. Design specifics of circuitry 112,
signal generator 114, and signal transmitter 116 will depend upon the type of
electromagnetic control signal 110; the design of circuitry and related structures for
generation and transmission of electromagnetic signals can be implemented using tools
and techniques known to those of skill in the electronic arts. See, for example,
Electrodynamics of Continuous Media, 2" Edition, by L.D. Landau, E.M. Lifshitz and
L.P. Pitaeyskii, Elsevier Butterworth-Heinemann, Oxford, pp. 1 — 13- and 199 - 222,
which is incorporated herein by reference, for discussion of theory underlying the
generation and propogation of electrical, magnetic, and electromagnetic signals.

In some embodiments, a specific remote control signal source may be configured

to produce only a specific type of signal (e.g., of a specific frequency or frequency band)

-10 -
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while in other embodiments, a specific remote control signal source may be adjustable to
produce a signal having variable frequency content. The remote conirol signal source
102 of the reaction system 100 may be configured to generate a static or quasi-static
electrical field control signal or static or quasi-static magnetic field control signal
sufficient to activate a remotely activatable control eIemeﬁt 108 to produce a desired rate
or kinetics of the chemical reaction. In other embodiments, the remote control signal
source 102 may be configured to generate an electromagnetic control signal at various
different frequencies sufficient to activate the remotely activatable control element 108 to
produce a desired rate or kinetics of the chemical reaction. Electromagnetic control
signals may have radio-frequency, microwave, infrared, millimeter wave, optical, or
ultraviolet frequencies, for example. Generation of radio frequency electromagnetic
signals is described, for example, in the The ARRL Handbook for Radio
Communications 2006, R. Dean Straw, Editor, published by ARRL, Newington, CT,

which is incorporated herein by reference.

The remote controller/remote control signal source (e.g., 102 in FIG. 6) may be
modified as appropriate for its intended use. For example, it may be configured to be
wearable on the body of a human (or éther organism) in which a reaction device has been
deployed, for example on a belt, bracelet or pendant, or taped or otherwise adhered to the
body of the human. Alternatively, it may be configured to be placed in the surroundings
of the organism, e.g. as a table-top device for use in a home or clinical setting.

Various types of electromagnetic field control signals may be used to activate the
remotely activatable control element. The remotely activatable control element may be
responsive to a static or quasi-static electrical field or a static or quasi-static magnetic
field. It may be responsive to various types of non-ionizing electromagnetic radiation, or
in some cases, ionizing electromagnetic radiation. Electromagnetic field control signals
that may be used in various embodiments include radio-frequency electromagnetic
radiation, microwave electromagnetic radiation, infrared electromagnetic radiation,
millimeter wave electromagnetic radiation, optical electromagnetic radiation, or
ultraviolet electromagnetic radiation.

In some embodiments, the remotely activatable control element may respond to

the control signal by changing shape. In some embodiments, the remotely activatable

<11 -
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control element may respond to the control signal by changing in at least one dimension.
The response of the remotely activatable control element may include one or more of
heating, cooling, vibrating; expanding, stretching, unfolding, contracting, deforming,
softening, or folding globally or locally. The remotely activatable control element may
include various materials, such as polymers, ceramics, plastics, dielectrics or metals, or
combinations thereof. The remotely activatable control element may include a shape
memory material such as a shape memory polymer or a shape memory metal, or a
composite structure such as a bimetallic structure.. The remotely activatable control
element may include a magnetically or eléctrically active material. Examples of
magnetically active materials include permanently magnetizable materials, ferromagnetic
materials such as iron, nickel, cobalt, and alloys thereof, ferrimagnetic materials such as
magnetite, ferrous materials, ferric maferials, diamagnetic materials such as quartz,
paramagnetic materials such as silicate or sulfide, and antiferromagnetic materials such as
canted antiferromagnetic materials which behave similarly to ferromagnetic materials;
examples of electrically active materials include ferroelectrics, piezoelectrics and
dielectrics. In some embodiments, the remotely activatable control element may include
a hydrogel or a ferrogel.

In some embodiments, the remotely activatable control element may include a
polymer and an electrically active component (including highly polarizable dielectrics) or
a magnetically active component (including ferropolymers and the like as well as
remotely activatable control elements include one (or possibly more) large magnetically
or electrically active components, as depicted in FIG. 4. In embodiments in which the
remotely activatable control element includes one or more electrically or magnetically
active components, the electrically or magnetically active component may respond to an
electromagnetic control signal in a first manner (e.g., by heating) and the response of the
remotely activatable control element may be produced in response to the electrically or
magnetically active component (e.g. expansion or change in shape in response to heating
of the electrically or magnetically active component).

An exemplary remotely activatable control element 120 including a composite
structure formed from a polymer 122 and multiple electrically or magnetically active

components in the form of multiple particles 124 distributed through the polymer 122 is

-12-
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depicted in FIG. 7. In some embodiments, the remotely activatable control element may
be comprised entirely of a electrically or magnetically active structure. For example, the
electrically or magnetically active component may be heatable by the incident
electromagnetic control signal, and wherein heating of the electrically or magnetically
active component causes the polymer to undergo a change in configuration that modifies
the influence of the first material on the chemical reaction. An example of a magnetically
responsive polymer is described, for example, in Neto, et al, “Optical, Magﬁetic and
Dielectric Properties of Non-Liquid Crystalline Elastomers Doped with Magnetic
Colloids™; Brazilian Journal of Physics; bearing a date of March 2005; pp. 184-189;
Volume 35, Number 1, which is incorporated herein by reference. Other exemplary
materials and structures are described in Agarwal et al., “Magnetically-driven
temperature-controlled microfluidic actuators™; pp. 1-5; located at:
http://www.unl.im.dendai.ac.ip/INSS2004/INSS2004 _papers/OralPresentations/C2.pdf
or U.S. Patent 6,607,553, both of which are incorporated herein by reference.

In some embodiments, the remotely activatable control element may form a
structural component of the reaction device that modifies the rate or kinetics of the
reaction occurring at the reaction region by modifying a property of the reaction region or
the space in which the reaction region is located. A structural component may include,
for example, a portion of the wall of the reaction device or other portion (or possibly, the
whole) of the structure of the device. Such effects may be produced through a change in
at least one dimension by the remotely activatable control element in response to the
control signal.

FIGS. 8A — 8D depict the effect of changes in one or two dimensions on a
reaction region 150. For example, the reaction region may be formed on a remotely
activatable control element that expands in response to a control signal, or it may expand
in response to a response of a remotely activatable control element. A reaction region
150 including a plurality of reaction sites 152, and having initial length of x; in a first
dimension and y; in a second dimension. FIG. 8B depicts reaction region 150 following
a change in the first dimension, to a length x,. FIG. 8C depicts reaction region 150
following a change in the second dimension, to a length y,, and FIG. 8D depicts a change

in both the first and second dimensions, to a size of X, by y,. In each case, a change in

-13 -
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dimension results in a change in distance between reaction sites 152. The dimension
change depicted in FIGS. 8A — 8D may be viewed as a ‘stretching’ or ‘expansion’ of the
reaction region. Increasing the surface area of the reaction region may increase the rate
of the reaction. Increasing the surface area of the reaction region (e.g., by stretching the
surface) may increase the distance between reaction sites on the reaction region. An
increased distance between reaction sites may lead to an increase in reaction rate (for
example, in cases where smaller spacing between reaction sites leads to steric hindrance
that blocks access of reactants to reaction sites).

Some examples of reactions that may be sped up by change in distance between
reaction sites include those involving drugs designed with spacers, such as dual function
molecules, biomolecules linked to transition metal complexes as described in Paschke et
al, “Biomolecules linked to transition metal complexes—new chances for
" chemotherapy”; Current Medicinal Chemistry; bearing dates of October 2003 and
October 18, 2005, prin’;ed on 10/24/2005; pp. 2033-44 (pp. 1-2); Volume 10, Number 19;
PubMed; located at:
hitp://www.ncbinlm.nih.gov/entrez/query.fegi?emd=Retrieve&db=PubMed&list uids=1
2871101 &dopt=Abstract, and Schiff bases as described in Puccetti et al., “Carbonic
anhydrase inhibitors”, Bioorg. Med. Chem. Lett. 2005 June 15; 15(12): 3096-101
(Abstract only), both of which are incorporated herein by reference. Other reactions

include reactions responding to conformational (allosteric) changes including regulation
by allosteric modulators, and reactions involving substrate or ligand cooperativity in
multiple-site proteins, where binding affects the affinity of subsequent binding, e.g.,
binding of a first O, molecule to Heme increases the binding affinity of the next, or
influence of Tau on Taxol, as described in Ross et al., “Tau induces cooperative Taxol
binding to microtubules”; PNAS; Bearing dates of August 31, 2004 and 2004; pp. 12910-
12915; Volume 101, Number 35; The National Academy of Sciences of the USA; located
at: http:// gabriel,nhysics.ucsb.edu/~deborah/pub/RoSSPNASV1 01p12910y04.pdf , which

is incorporated herein by reference. Reactions that may be slowed down by increased

reaction site spacing include reactions responsive to conformational (allosteric) changes,
influence or pH, crosslinking. See for example Boniface et al., “Evidence for a

Conformational Change in a Class II Major Histocompatibility Complex Molecule

-14 -



WO 2007/056522 _ PCT/US2006/043648

Occuring in the Same pH Range Where Antigen Binding Is Enhanced”; J. Exp. Med.;
Bearing dates of January 1996 and June 26, 2005; pp. 119-126; Volume 183; The

Rockefeller University Press; located at: http://www.jem.org also incorporated herein by

reference or Sridhar et al., “New bivalent PKC ligands linked by a carbon spacer:
enhancement in binding affinity”; J Med Chem.; Bearing dates of September 11, 2003
and October 18, 2005, printed on 10/24/2005; pp. 4196-204 (pp. 1-2); Volume 46,
Number 19; PubMed (Abstract); Located at:

: httn://Www.ncbi.nlm.nih.,qov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list uids=1

2954072&dopt=Abstract, also incorporated herein by reference.

In other embodiments, expansion of a remotely activatable control element may
produce other modifications to a chemical reaction. For example, a volume of a reaction
space containing the reaction region may be increased, as depicted in FIGS. 9A and 9B.
A reaction device 200 includes a reaction space 202 containing reactant materials 204
and having a first volume in FIG. 9A. A remotely activatable control element 206 forms
an ekpandable portion of the wall of reaction device 200. Upon expansion of remotely
activatable control element to expanded form 206’ shown in FIG. 9B the volume of
reaction space 202 is increased. The concentration of reactant materials 204 within
reaction space 202 is thus decreased, which may have a corresponding influence on the
rate or kinetics of the reaction in which reactant material 204 participates. Similarly,
while the increased volume may directly impact concentration of the reactant materials
204, where the space contains compressible fluids, driving a change in volume may
produce corresponding changes in pressure or temperature according to conventional
considerations of the relationships of pressure, volume, and temperature, which may in
turn influence a chemical reaction. For example, for a compressible fluid such as an ideal
gas, the relationship may be defined by the ideal gas law, PV =nRT.

In addition to increasing surface areas or reaction volumes, expansion of a
remotely activatable control element may also have the effect of exposing additional
portions of a reaction region or exposing additional functional group to influence a
reaction condition. Increasing the surface area of the reaction region by unfolding or
other forms of ‘opening’ of the reaction region structure of at least a portion of the

reaction area may increase the number of reaction sites on the reaction region (e.g. by
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exposing additional reaction sites that were fully or partially hidden or obstructed when
the reaction region was in a folded configuration). For example, the area of a reaction
region may be increased by the unfolding of at least a portion of the reaction area to
expose additional portions of the reaction area, as depicted in FIGS. 10A and 10B. In
FIG. 10A, a reaction region 250, which includes or is made up of a remotely activatable
control element can be expanded by unfolding to the form depicted in FIG. 10B.
Reaction region 250 has a pleated structure that includes ridges 252a — 252¢ and valleys
254a —254d. Reaction sites 256 may be located in or on ridges 252a-252¢ and valleys
254a-254d. In the folded form illustrated in FIG. 10A, reaction sites 256 located in
valleys 254a-254d are *hidden’ in the sense that reactants may not fit into the narrow
valleys to approach those reaction sites, while reaction sites on ridges 252a-252e remain
exposed. When reaction region 250 is unfolded to the form shown in FIG. 10B, reaction
sites 256 in valleys 254a;256d are exposed, because the open valleys permit access of
reactants to the reaction sites in the valleys. Examples of materials that unfold in
response to electromagnetic fields include ionic polymer—metal composites (IPMC) as
described in Shahinpoor et al., “Artificial Muscle Research Institute: Paper: Ionic
Polymer-Metal Composites (IPMC) As Biomimetic Sensors, Actuators and Artificial |
Muscles-A Review”; University of New Mexico; printed on 10/21/2005; pp. 1-28;

located at: http://www.unm.edu/~amri/paper.html, which is incorporated herein by

reference.

A related modification of the reaction region, as depicted generally in FIGS. 11A-
11B, may include an increase in porosity or decrease in density of a remotely activatable
control element 300. Remotely activatable control element 300 is depicted in its
unexpanded state in FIG. 11A, with multiple pores 302 of a first size; FIG. 11B illustrates
the expanded form of remotely activatable control element 300, in which pores 302 have
increased in size. Increase in porosity as depicted in FIGS. 11A and 11B may have a
similar effect to the unfolding depicted in FIGS. 10A and 10B with respect to modifying
the spacing or exposure of reaction sites, functional groups, ete. See, for example U.S.
Patents 5,643,246, 5,830,207, and 6,755,621, all of which are incorporated herein by

reference.
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The effects illustrated in FIGS. 8A-8D, 9A-9B, 10A-10B, and 11A-11B may be
reversed by suitable adjustment to the control signal, leading to corresponding decrease
in reaction region surface area, volume of the reaction space, or number of exposed
reaction sites.

The influence of modifying the surface area of a reaction region is described
further in connection with FIGS. 12A and 12B and 13A and 13B. FIGS. 12A and 12B
illustrate how an increase of the surface area of a reaction region by stretching or
expansion may increase the rate of the reaction occurring at the reaction region. Multiple
reaction sites 352 are located in reaction region 350. As shown in FIG. 12A, prior to
stretch or expansion, reaction sites 352 are close together, and reactant 354, which binds
to the reaction sites 352 is sufficiently large that it is not possible for a reactant 354 to
bind to each reaction site 352. When the reaction region has been stretched or expanded
fo expanded form 350" as depicted in FIG. 12B, so that the reaction sites 352 are further
apart, it is possible for reactant 354 to bind to a larger percentage of the reaction sites,
thus increasing the rate of reaction. |

In other embodiments, an increase in the surface area of the reaction region by
stretching or expansion may decrease the reaction rate (for example, in cases where a
particular spacing is needed to permit binding or association of reactants with several
reaction sites simultaneously). FIGS. 13A and 13B illustrate how an increase in the
surface area of a reaction region 400 by stretching or expansion may decrease the rate of
the reaction occurring at the reaction region. Again, multiple reaction sites 402 and 404
are located in the reaction region 400, as depicted in FIG. 13A. In the present example
binding of a reactant to the reaction region 400 requires binding of a reactant 406 to two
reaction sites 402 and 404. When reaction region is stretched or expanded to expanded
form 400' as depicted in FIG. 13B, the spacing of the two reaction sites 402 and 404 is
changed so that reactant 406 does not readily bind to reaction region 400’, thus reducing
the rate of reaction.

Accordingly, increasing the surface area of the reaction region may decrease the
rate of the reaction in some circumstance and increase the rate of reaction in others.
Exposure of additional portions of the reaction region may expose additional functional

groups that are not reaction sites, but that may produce some local modification to a
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surtace property ot the reaction region that in turn modifies the rate or kinetics of the
reaction. For example, exposed functional groups may produce at least a local change iﬁ
pH, surface energy, or surface charge. See, for example, U.S. patent publication
2003/0142901 A1, which is incorporated herein by reference. |

As noted herein, a remotely activatable control element may respond to the
control signal by producing or by absorbing heat. In sdme embodiments, a change in
temperature of the remotely activatable control element may modify the rate of a reaction -
directly. FIG. 14A depicts an embodiment of a reaction device 450 including a reaction |
region 452 in a reaction space 456. A first material 454 capable of influencing a reaction
is located at reaction region 452. A remotely activatable control element 458 is located in
the wall of reaction device in the vicinity of reaction region 452. Remotely activatable
control element 458 has an initial temperature T;. Following heating of remotely
activatable control element 458 in response to an electromagnetic control signal, remotely
activatable control element 458’ has a subsequent temperature T, as shown in FIG. 14B.
The change in temperature of remotely activatable control element 458’ may modify the
1ate of reaction within reaction device 450 by modifying the temperature at one or both of
reaction region 452 and reaction space 456.

Many materials expand when thermal energy is applied. By combining materials
as in polymer gels one can use the differing properties of individual components to affect
the whole. Thermally-responsive materials include thermally responsive gels (hydrogels)
such as thermosensitive N-alkyl acrylamide polymers, Poly(N-isopropylacrylamide)
(PNIPA Am), biopolymers, crosslinked elastin-based networks, materials that undergo
thermally triggered hydrogelation, memory foam, resin composites, thermochromic
materials, proteins, memory shape alloys, plastics, and thermoplastics. Materials that
contract or fold in response to heating may include thermally-responsive gels (hydrogels)
that undergo thermally triggered hydrogelation (e.g. Polaxamers, uncross-linked
PNIPAAm derivatives, chitosan/glycerol formulations, elastin-based polymers),
thermosetting resins (e.g. phenolic, melamine, urea and polyester resins), dental '
composites (e.g. monomethylacrylates), and thermoplastics.

A remotely activatable control element may respond to a control signal by

producing cooling, either directly or indirectly, which may in turn modify the rate,
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kinetics, or other feature of a reaction. Cooling may be produced by a number of
mechanisms and/or structures. For example, cooling may be produced by an endothermic
reaction (such as the mixing of ammonium nitrate and water) initiated by opening of a
valve or bursting of a container in response to an electromagnetic control signal. Other
methods and/or mechanisms of producing cooling may include, but are not limited to,
thermoelectric (Peltier Effect) and liquid-gas-vaporization (Joule-Thomson) devices.

In some embodiments, a change in temperature of a remotely activatable control
element may modify the rate or other parameter of a reaction indirectly. FIG. 15A
depicts an embodiment of a reaction device 480 including a reaction region 482 ina
reaction space 486. A first material 484 capable of influencing a reaction is located at
reaction region 482. A remotely activatable control element 488 is located in the wall of
reaction device in the vicinity of reaction region 482. Remotely activatable control
element 488 has an initial temperature T;. Following heating of remotely activatable
control element 488 in response to an electromagnetic control signal, remotely activatable
control element 488 has a subsequent temperature T, as shown in FIG, 15B. Heating of
remotely activatable control element 488 from T to T, by a magnetic or electric or
electromagnetic field or radiation, may in turn cause an expansion or other modification
of reaction region 482. In the exemplary embodiment depicted in FIGS. 15A and 15B,
heating of remotely activatable control element 488 produces expansion of the reaction
region to expanded form 482’, which increases the spacing of reaction sites 484. As
shown in FIGS. 12A and 12B and FIGS. 13A and 13B, a change in the spacing of
reaction sites may increase or decrease the rate of reaction, or modify another parameter
of a reaction, in a manner that depends on the specific reaction and reactants. Heating or
cooling of a reaction volume may also modify a chemical reaction by modifying the
pressure or the pH or the osmolality or other reaction-pertinent chemical variables within
the reaction space.

In various embodiments as described herein, the reaction region includes a first
material capable of influencing a chemical reaction. The remotely activatable control
element may modify one or more of the rate or reaction kinetcis of the chemical reaction

by modifying the influence of the first material on the chemical reaction, or by modifying
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the rate of exposure of a reactant capable of pérticipating in the chemical reaction to the
first material, as described herein.

The first material capable of influencing a chemical reaction may influence the
chemical reaction in a variety of ways. For example, the first material may be a reactant

that is modified by participation in the chemical reaction or it may be non-reactant
material that modifies at least one condition at which the reaction occurs. FIGS. 16A and
16B, 17A and 17B, and 18A and 18B illustrate several mechanisms by which a material
such as a first material may influence a chemical reaction.

FIGS. 16A and 16B depict a reaction 500 including a first material 502 that
participates in the reaction as a reactant. Reaction device 500 also includes remotely
activatable control element 504. A seéond reactant 506 approaches reaction region 500
in FIG. 16A and reacts with first material 502 to form reaction product 508, which is '
shown being released from reaction region 500 in FIG.16B. A reaction by-product 510
may remain at reaction region 500, or may be released from reaction region 500. The
quantify of first material 502 at reaction region 500 is thus depleted as the reaction
occurs, and eventually the supply of first material 502 at reaction region 500 may be
exhausted. The influence of the remotely activatable control element 504 is not
illustrated in FIGS. 16A and 16B, but may be any of various influences, including but not
limited to those described herein; e.g., modifying the temperature of the reaction region
to modify the activity of first material 502, exposing reaction sites containing first
material 502, modifying the spacing between reaction sites containing first material 502,
or modifying the rate of delivery of second reactant 506 to reaction region 500. The
reaction may produce a material that has a beneficial effect on the organism, including
but not limited to a nutrient, hormone, growth factor, medication, therapeutic compound,
enzyme, genetic materials, vaccines, vitamins, imaging agents, therapeutic compounds, a
cell signaling material or neurotransmitter. Alternatively, the reaction may destroy, trap,
or sequester a material from the body of the organism that is harmful to the organism.
Such a material may include, for example lipids/cholesterol, plaque, infectious agents
such as microbes and infectious/misfolded proteins such as prions, inflammatory agents
such as cytokines/chemokines, growth factors, and autoreactive antibodies, oxidants,

toxins, poisons, toxins, heavy metals, pollutants including organochlorine pollutants such
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as polychlorinated biphenyls (PCB) or dichlorodiphenyldichloroethylene (p,p’-DDE) and
organophosphates, tobacco products, tar, or particulates. Reactions or processes by
which a harmful material may be destroyed, trapped, or sequestered include degrading,
chemically modifying, detoxifying, adsorbing, absorbing, enveloping, or killing the
substance by chemical reactions such as enzymatic degradation and modification (e.g.,
alcohol dehydrogenase to remove alcohol), neutralization of free radicals by antioxidant
scavenging, and adsorption with magnetic particles (e.g. labelled with binding moieties
such as antibodies) for separation or sequestering, as a few examples.

In other embodiments, the first material may be a catalyst that facilitates a
chemical reaction but is not modified by the chemical reaction, for example, metals such
as platinum, acid-base catalysts, catalytic nucleic acids such as ribozymes or DNAzymes.
The first material may be an enzyme, such as an oxidoreductase (e.g. glucose oxidase),
transferase (including glycosyltransferase, kinase/phosphorylase), hydrolase, lyase,
isomerase, ligase, and enzymatic complexes and/or cofactors. Various examples of
catalysts are provided in Kozhevnikov, “Catalysts for Fine Chemical Synthesis, Volume
2, Catalysis by Polyoxometalates™; Chipsbooks.com; Bearing dates of 2002 and 1998-
2006, printed on 10/21/2005; pp 1-3 (201 pages); Volume 2; Culinary and Hospitality
Industry Publications Services; located at: http://www.chipsbooks.com/catcem?2.htm,

which is incorporated herein by reference.

FIGS. 17A and 17B depict an example in which a reaction region 550 includes a
first material 552 that is a catalyst that facilitates the occurrence of the reaction at
reaction region 550. Two or possibly more reactants (for example reactants 556 and 558
as shown in FIG. 17A) react at the reaction region 550 in the presence of first material
552. Reactants 556 and 558 are shown approaching first material 552 in reaction region
550 in FIG. 17A. In FIG. 17B, reaction product 560, formed from the reaction of
reactants 556 and 558 with catalysis by first material 552, is shown being released from
reaction region 550. Depending upon the particular reaction being carried out, one or
more reaction by-products may be produces in addition to reaction product 560; however,
such by-products are not depicted in FIG. 17B. A remotely activatable control element

554 may modify the effect of first material 552 on the reaction, by various mechanisms as
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described elsewhere herein. The supply of first material 556 at reaction region 550 is not
depleted as the reaction occurs.

FIGS. 18A and 18B depict an embodiment of a reaction region 600 in which the
first material 602 modifies a reaction condition. The first material 602 may be a material
that modifies the polarity of at least a portion of the reaction region, such as e.g
hydrophobic or hydrophilic‘ groﬁps ; a material that modifies the pH of at least a portion of
the reaction region, such as acids or acidifiers (e.g., ammonium chloride), bases or
alkalizers (sodium bicarbonaté, sodium acetate) or buffering agents ; or a material that
modifies the charge of at least a portion of the reaction region, such.as including various
enzyme, neuraminidase, transferase, antioxidants, and charge donors. A first reactant 606
is shown at reaction region 600. First reactant 606 reacts with a second reactant 608 to
form a reaction product 610, shown in FIG. 18B, with the rate, kinetics, or other
parameter of the reaction influenced by first material 602. A remotely activatable control
element 604 may modify the effect of first material 602 by various mechanisms as
described elsewhere herein. FIG. 18A depicts second reactant 608 approaching reaction
region 600, and FIG. 18B shows reaction product 610 being released from reaction
region 600. '

As illustrated and described herein, in certain embodiments, the reaction device
may include a body structure adapted for positioning in a body of an organism, having a
reaction region located in or on the body structure, where the reaction region includes a
first material capable of influencing a chemical reaction, and a remotely activatable
control element operably coupled to the body structure and responsive to an
electromagnetic field control signal to modify one or more of the rate or kinetics of the
chemical reaction. The organism may be an animal or a human, or it may be plant. In
some embodiments, the remotely activatable control element may modify one or more of
the rate or reaction kinetics of the chemical reaction by modifying the influence of the
first material on the chemical reaction, while in other cases the remotely activatable
control element may modify one or more of the rate or reaction kinetics of the chemical
reaction by modifying the rate of exposﬁre of a reactant capable of participating in the

chemical reaction to the first material.
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Although various embodiments have described in connection with selected
biomedical applications (e.g., with reaction devices adapted for placement in the body of
a human or other animal), it is contemplated that reaction systems as described herein
may be used in a variety of environments, not limited to the bodies of humans‘or other
animals. Reaction devices may be placed in other types of living organisms (e.g., plants).
Reaction devices may also be placed in bodies of water, or in various enclosed fluid
volumes, in industrial, agricultural, and various other types of applications. The
environments for use of embodiments described herein are merely exemplary, and the
reaction systems as disclosed herein are not limited to use in the exemplary applications.

Beneficial materials in environment may include fertilizers, nutrients, remediation
agents, antibiotics/microbicides, herbicides, fungicides, disinfectants. Harmful materials
in an environment may include various toxins and pollutants, including hydrocarbon
compounds, heavy metals, ore tailings, complex polysaccharide waste products,

- pathogens, microorganisms, toxins, bioweapons, chemical weapons, phosphates,
explosives, and radionuclides. Reactions to get rid of harmful materials from an
environment may include degrading, chemically modifying, detoxifying, adsorbing,
absorbing, énveloping, or killing the substance. Materials may be adsorbed with electric
or magnetic beads or particles for separation or sequestering, or enzymatic degradation or
modification may be performed (see “Characterization of Chemically Modified Enzymes
for Bioremediation Reactions”, Davison et al., Final Report, U.S. Department of Energy,
Oak Ridge National Laboratory, Project Number 55033, Sepfember 22, 2000, which is
incorporated herein by reference.)

According to various general embodiments, a reaction device may include a body
structure adapted for positioning in an environment, a reaction region located in or on the
body structure, the reaction region including a first material capable of influencing a
chemical reaction, and a remotely activatable control element operably coupled to the
body structure and responsive to input of energy from electromagnetic field control signal
to modify one or more of the rate or kinetics of the chemical reaction through at least one
of a mechanical, thermal, or chemical mechanism, which may be a direct mechanical,
thermal, or chemical mechanism not mediated by electrical circuitry within or connected

to the remotely activatable control element.
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Further features that may be employed in reaction devices and systems are
described in connection with certain exemplary embodiments, but may also be employed
in other embodiments as described herein. As described herein, a remotely activatable
‘control elerent may modify one or more of the rate or reaction kinetics of a chemical
reaction by modifying the influence of a first material on the chemical reaction. In other
embodiments, a remotely activatable control element may modify the rate or reacfcion
kinetics of a chemical reaction by modifying the exposure of a reactant capable of
pérticipating in the chemical reaction to the first material. The exposure of a reactant to a
- first material may be modified by modifying the flow of a reactant through a reaction
device, for example. In embodiments in which the reaction region is located in an

interior portion of the body structure, the reaction device may include a valve responsive
to a change in at least one diménsion of the remotely activatable control element. The
valve may be formed in its entirety by the remotely activatable control element, or the
remotely activatable control element may form a part of the valve or the valve actuation
mechanism. If the remotely activatable control element forms all or a part of a valve
structure or system, it may modify the rate or kinetics of the reaction occurring in the
reaction device by modifying the flow of fluid into or through the reaction device. The
remotely activatable control element may respond to the control signal by changing in at
least one dimension, and may include various materials, for example polymer, ceramic,
dielectric or metal. For example, the remotely activatable control element may include a
shape memory material such as a shape memory polymer, a memory foam, or a shape
memory alloy such as nifinol (an alloy of titanium and nickel) or ferromagnetic shape
memory materials (Ni;MnGa alloy). The remotely activatable control element may
include a bimetallic structure.

FIGS. 19 and 20 depict embodiments in which the flow of reactant through a
reaction device may be modified by the inclusion of a valve at an inlet or outlet of the
reaction device. In FIG. 19, a reaction device 650 includes a reaction region 652
including first material 654. Reaction device 650 includes inlet 656 and outlet 658. In
this example, remotely activatable control element 660 is a valve structure formed from a
shape memory material. The rate of reaction may be modified by adjusting the valve to

control the flow of fluid through the reaction device. The open position of the valve
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formed by remotely activatable control element 660 is indicated by a solid line, while the
closed position is indicated by a dashed line. Other potential materials and structures for
valves may be as described in U.S. patents 6,682,521, 6,755,621, 6,720,402, 6,607,553,
which are incorporated herein by reference.

In the embodiment of FIG. 20, the remotely activatable control element may
include an expandable gel structure, such as hydrogel or a ferrogel. FIG. 20 depicts a
reaction device 670 having a reaction region 672 including first material 674 and an inlet
676 and outlet 678 providing for the flow of fluid through the réaction device from the
environment. Remotely activatable control element 680 forms a valve for controlling the
flow of fluid into the reaction device, shown in its open (contracted) form by a solid line
and shown in its closed (expanded) form by a dashed line. The rate of reaction may be
modified by adjusting the valve to control the flow of fluid through the reaction device.
An example of a magnetically controlled hydrogel valve is described in “A temperature
controlled micro valve for biomedical applications using a temperature sensitive
hydrogel” Micro Total Analysis Systems Symposium, Nov. 37, Nara, Japan, 1:142-144
H.J. van der Linden, D.J. Beebe, and P. Bergveld (2002), incorporated herein by
reference.

In addition to the embodiments shown in FIGS. 19 and 20, in other embodiments
areaction device may include valves controlling fluid flow through both an inlet and an
outlet. Various other remotely activatable valve structures may be used in other
embodiments, and are not limited to the examples provided here.

Remotely activatable control elements used in various general embodiments of
reaction devices and systems may include a magnetically active material, such as at least
one of a permanently magnetizable material, a ferromagnetic material, a ferrimagnetic
material, a ferrous material, a ferric material, a diamagnetic material, a paramagnetic
material, and an antiferromagnetic material, or may include an electrically active
material, such as at least one of a permanently ‘poled’ dielectric, a ferroelectric, a
dielectric or a piezoelectric material. In some embodiments the remotely activatable
control element may include a polymer and a magnetically active or an electrically active
component. The electrically or magnetically active component may be heatable by the

incident electromagnetic control signal, wherein heating of the electrically or
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magnetically active component causes the poilymer to undergo a change in configuration
that modifies the influence of the first material on the chemical reaction. In some
embodiments, the temperature may be modified within some or all of a reaction volume
within a reaction device, while in other embodiments the temperature change may be
limited to a reaction regibn and the temperature within the reaction volume may remain
substantially unchanged. In some embodiments, the rate of reaction may be directly
dependent upon the temperature of the reaction region or reaction volume. In some
embodiments, a characteristic of the reaction other than the rate of reaction may be
modified by a change in temperature. For example, a change in temperature may cause a
particular reaction product to be favored over another reaction product, so that changing
the temperature may modify the proportions of certain reaction products. -
A remotely activatable control element may be responsive to varibus
electromégnetic fields, including a static or quasi-static electrical field or static or quasi-
static magnetic field, or radio-frequency, microwave, infrared, millimeter wave, optical,
or ultraviolet electromagnetic radiation. In some embodiments, the remotely activatable
control element may be responsive to non-ionizing electromagnetic radiation. The
response of the remotely activatable control element to an electromagnetic field may be
due to absorption of energy from the electromagnetic signal or due to torque or traction
on all or a portion of the remotely activatable control element due to the electromagnetic
ﬁéld. The response will depend upon the intensity, the relative orientation and the
frequency of the electromagnetic field and upon the geometry, composition and
preparation of the material of the remotely activatable control element. A response may
occur on the macro level, on a microscopic level, or at a nanoscopic or molecular level.
In some emBodiments, a remotely activatable control element may include a
receiving element such as an antenna or other geometric gain structure to enhance the
receiving of an electromagnetic control signal transmitted from a remote control signal
generator. FIG. 21 depicts in schematic form an embodiment of a reaction device 700
including a remotely activatable control element 702 that includes an active portion 704
and an receiving element 706, and a reaction region 708. Reaction region 708 may be
generally as described in connection with various exemplary embodiments, for example

as shown in FIGS. 2, 3 and 5, but it not depicted in any detail in FIG. 21 for the sake of
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simplicity. Receiving element 706 may be any structure that has a size, shape, and
material that is suitable for receiving and transducing electromagnetic energy of a
particular frequency or frequency band. In some embodiments, receiving element 706
may be highly frequency-selective, while in other embodiments it may react usefully over
a wide frequency band, or over multiple frequency bands. Receiving element 706 may be
formed of various metallic or electrically or magnetically active materials. Active
portion 704 may include various materials that respond mechanically, thermally or
chemically to electromagnetic energy received and transduced by receiving element 706
to influence a reaction that occurs in reaction region 708. |

FIG. 22 depicts an embodiment of a reaction device 750 including a remotely
activatable control element 752 that includes an active portion 754 and a resonant -
element 756, and a reaction region 758. As in the embodiment of FIG. 21, reaction
region 758 may be generallj} as described in connection with various exemplary
embodiments. Resbnan’c element 756 may be configured to be activated or energized at a
resonant frequency in response to the electromagnetic control signal. Active portion 754
may include various materials that respond mechanically, thermally or chemically in
response to transfer of energy from resonant element 756 upon activation thereof to
influence a reaction that occurs in reaction region 758.

FIG. 23 depicts a reaction device 800 including a reaction space 802, In this
embodiment, a plurality of molecules 804 function as both the remotely activatable
control element and as the first material (that modifies the chemical reaction). A reactant
material 808 is also present within reaction space 802. Each molecule 804 includes an
excitable chemical bond 806. Prior to excitation of excitable chemical bond 806, no or
limited reaction occurs, as shown in FIG. 23. After excitation of excitable chemical bond
806 to excited condition 806, as shown in FIG. 24, reactant material 808 may bind or
associate with molecule 804 to undergo a chemical reaction. Selective excitation of
multiple chemical bonds may be performed in some embodiments, as described in
Ishikawa et al., “Selective Resonance of Chemical Structures,” U.S. Patent Application
Serial No. 11/186,635, filed 21 July 2005, which is incorporated herein by reference, and

commonly assigned with the present application.
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FIG. 25 depicts a further embodiment of a reaction device 850, illustrating other
potential reaction device features. Reaction device 850 includes a first chamber 852,
second chamber 854, reaction region 856, and remotely activatable control element 858.
Reaction device 850 also includes inlet 860, outlet 862, pump 864, valve 866 between
chamber 8§52 and chamber 854 and valve 868 at outlet 862. First chamber 852 may
function as a reaction chamber. Pump 860 may move fluid through reaction device 850.
Any or all of features illustrated in FIG. 25 may be included in various embodiments of
* reaction devices. Reaction devices may include multiple spaces or chambers, one or
more of which may function as reaction chambers: Reaction devices may include
additional fluid handling elements (e.g., inlets; outlets, pumps, valves, mixers, separators,
chambers, channels, reservoirs, and so forth, as are known to those of skill in the aﬁs of
fluid ﬁandling). Active elements (which may include, for example, pumps, valves, and
mixers) may be controlled by electrical, magnetic, or electromagnetic control signals. A
reaction device may include one or both of an outlet through which a product of the
chemical reaction is released into the environment or an inlet through which a second
material capable of participating in the chemical reaction enters the reaction region.
Some embodiments may include only a single inlet and a single outlet. In some
embodiments a single opening may function as both inlet and outlet. In some
embodiments there may be multiple inlets or multiple outlets, or both. The invention is
not limited to specific numbers or combinations of inlets, outlets, or openings that
function as both inlet and oﬁtlet. Although in the exemplary embodiment of FIG. 25 the
reaction region is shown in an interior portion of a reaction device, in other embodiments
the reaction region may be located on an exterior portion of tﬁe body structure in fluid
communication with the environment. If the reaction region is in fluid communication
with the environment via an inlet or outlet, the reaction device may include a valve
responsive to a change in at least one dimension of the remotely activatable control
element. A valve may be configured to modify the flow of fluid into the reaction region
responsive to the change in at least one dimension of a remotely activatable control
element, or to modify the flow of fluid out of the reaction region responsive to the change
in at least one dimension of the remotely activatable control element. Examples of fluid

handling structures suitable for use in selected embodiments are described in U.S. Patents
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6,146,103 and 6,802,489, and in KrauB et al., “Fluid pumped by magnetic stress™;
Bearing a date of July 1, 2004; pp. 1-3; located at:
http://arxiv.org/PS_cache/physics/pdf/0405/0405025.pdf, all of which are incorporated

herein by reference.

Reaction devices as described herein may include one or multiple remotely
activatable control elements. In devices that include multiple remotely activatable
conirol elements, the multiple remotely activatable control elements may all be of the
same type, or may be of different types. Multiple remotely activatable control elements
may be activated or controlled in parallel or in series. Selective activation or control of
remotely activatable control elements may be achieved by configuring remotely
activatable control elements to be activated by electromagnetic control signals having
particular signal chracteristics, which may include, for example, particular frequency,
phase, amplitude, temporal profile, polarization, and/or directional characteristics, and
spatial variations thereof. For example, different control elements may be responsive to
different frequency components of a control signal, therby allowing selective activation
of the different control elements. A reaction-device may include multiple selectively
activatable control elements, each associated with a particular fluid handling element,
which may thus be controlled to perform multiple fluid-handling or reaction steps in a
particular sequence. It is also contemplated that a reaction system may include multiple
reaction devices which may be of the same or different types. For example, multiple
identical reaction devices may be distributed throughout an environment in order to
perform a particular Chemicgd reaction or process at multiple locations within the
environment. Alternatively, a reaction system may include multiple different reaction
devices at different locations within and environment, each performing or controlling a
reaction suited for the particular location. The invention as described herein is not
limited to devices or systems including any specific number or configuration of remotely
activatable control elements within a reaction device, or specific number or configuration
of reaction devices or remote controllers within a reaction system. Depending upon the
particular application of a system, remotely activatable control elements and/or reaction

devices may be controlled in a particular pattern to accomplish one or more desired
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chemical reactions or reaction steps. Control of such systems may be performed with the
use of suitable hardware, firmware, software, through one or multiple remote controllers.

- A change in dimehsion of the remotely activatable control element may serve to
céuse opening or closing of a valve or produce another modification of a portion of a |
reaction device. For example, additional portions of the reaction region may be exposed
responsive to the cﬁange in at least one dimension of the remotely activatable control
element. The surface area of the reaction region may be increased responsive to a change
in at least one dimension of the remotely activatable control element. The volume
containing the reaction region within the interior portion of the body structure may be
modified responsive to the change in at least one dimenéirovn of the remotely activatable
control element. The surface area of the reaction area may be increased by stretching of
at least a portion of the reaction area. In some embodiments, the surface area of the
reaction area may be increased by the unfolding of at least a portion of the reaction area
to expose additional portions of the reaction area, as depicted in FIGS. 10A and 10B, or
in FIGS. 26A and 26B. FIG. 26A illustrates in cross section the increase in the number
of accessible functional groups on a reaction region by unfolding of a reaction region
900. The reaction region is pleated, including ridges 902 and recessed valleys 904.
Functional groups 906 are located within valleys 904 of the pleats. Stretching of the
reaction region 900 to flatten and widen valleys 904 causes the functional groups 906 to
become accessible to reactant, thus increasing influence of the functional groups as
shown in FIG. 26B. The functional groups may have various influences, for example,
functioning as reaction sites, or modifying the surface charge, surface energy, or local
ionic strength or pH. It should be appreciated that the pleated surface depicted in FIGS.
26A and 26B are exemplary, and other forms of folding, deformation,‘or compression of
the reaction region may provide a similar effect.

As described previously in connection with FIGS. 12A — 13B, increasing the
surface area of the reaction region may increase or decrease the rate of the reaction.
Increasing the surface area of the reaction region may increase the number of (available)
reaction sites on the reaction region, as illustrated in FIGS. 26A and 26B.

In some embodiments, a remotely activatable control element may respond to a

control signal by liberating or absorbing heat. The remotely activatable control element

-30 -



WO 2007/056522 PCT/US2006/043648

may respond to the control signal by changing shape. Sucﬁ a remotely activatable control
element may include, for example, a valve element or a structural element. FIG. 27 isa
cross-sectional view of an embodiment of a valve 949 in channel 950 defined by walls
952 and including a remotely activatable valve element 954 positioned in a channel 950.
Valve element 954 may be a magnetically or electrically responsive element formed
from, for example, a ferropolymer or other material responsive to applied magnetic or
electric or electromagnetic fields or radiation. Valve element may have a first form 954,
indicated by the solid outline, when exposed to a first magnetic or electric field strength,
and a second form 954/, inciicated by the dashed outline, when exposed to a second
magnetic or electric field strength. Valves of this type are disclosed, for example, in “A
temperature controlled micro valve for biomedical applications using a temperature
sensitive hydrogel” Micro Totaﬂ Analysis Syster;ls Symposium, Nov. 3—7, Nara, Japan,

- 1:142—144, H.J. van der Linden, D.J. Beebe, and P. Bergveld (2002), incorporated herein
by reference. See also U.S. Patents 5,643,246, 5,830,207, and 6,755,621, which are also
incorporated herein by reference. In first form 954, valve element 954 obstructs channel
950, blocking the flow of fluid through valve 949. In its second form 954/, valve element
954 does not obstruct channel 950, and fluid flow through valve 949 is unimpeded.

FIG. 28 is a cross-sectional view of an embodiment of another type of valve 969,
in which fluid channel 970 defined by walls 972 includes a remotely activatable valve
element 974. Remotely activatable valve element 974 is formed, for example from a
bimetallic strip that changes from a first configuration to a second configuration during
heating produced by exposure to a magnetic or electric or electromagnetic field or
radation control signal.

In these and other valve structures (e.g., as depicted in FIG. 19), opening or
closing of the valve may be produced by a transient application of a magnetic or electric
or electromagnetic control signal, the control signal serving to cause switching of the
valve element from a first configuration to a second configuration, or continuous
application of a control signal may be required to maintain the valve element in one of
the two configurations, with the valve element returning to the other configuration upon
removal of the control signal. Such a valve elements may be formed from a shape

memory metal, a shape memory polymer, or a bimetallic strip formed from laminated
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layer of metals having different coefficients of thermal expansion, for example. The
construction of such valve elements is known to those of skill in the relevant‘ arts, for
example. |

The reaction device fnay include an outlet through which a product of the
chemical reaction is released into the environment or an inlet through which a second
material capable of participating in the chemical reaction enters the reaction region. The
first material included in the reaction region may influence the reaction in various ways. |
The first material may be a reactant that is modified by participation in the chemical
reaction, or it may be a non-reactant material that modifies at least one condition at which
the reaction occurs. Reaction conditions may include, for example, temperature,
osmolality, pH, surface energy, or surface charge at the reaction reaction. The first
material may be a catalyst that facilitates the chemical reaction but is not modified by the
chemical reaction. The reaction may produce a material that has a beneficial effect in the
environment, or it may destroy, trap, or sequester a harmful material from the
environment. |

In different embodiments, the reaction device may include a body structure
adapted for positioning in different types of environments, including, for example, the
body of an organism, a body of Water, or a contained fluid volume. Contained fluid
volumes may be of various types and of various volumes; some examples include
industrial fluid volumes, agricultural fluid volumes, swimming pools, aquariums,
drinking water supplies, and HVAC system cooling water supplies.

FIG. 29 illustrates an exemplary embodiment of a reaction system 999 in which a
reaction device 12 is located in a small enclosed fluid volume 1000 (e.g., an aquarium).
A remote controller or remote control signal generator 16 is located outside enclosed
fluid volume 1000.

FIG. 30 illustrates a further exemplary embodiment of a reaction system 1001 in
which a reaction device 12 is located in a larger enclosed fluid volume 1002 (which may
be, for example, a water storage tank, an HVAC system cooling water tank, a tank
containing an industrial fluid or an agricultural fluid). A remote controller or remote

control signal generator 16 is located outside enclosed fluid volume 1001.
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FIG. 31 illustrates a further exemplary embodiment of a reaction system 1003 in
which a reaction device 12 is located in a body of water 1004 (a lake or pond is depicted
here; though such reaction systems may also be designed for use in rivers, streams, or
oceans). The remote controller or remote control signal generator 16 is shown located
outside of body of water 1004, though in some embodiments it may be advantageous to
place remote controller 16 at a location within ybody of water 1004,

Referring back to FIG. 6, remote controller 102 for a reaction system 100 may
inélude an electromagnetic signal generator 114 capable of producing an electromagnetic
signal configured to be received by a remotely activatable cantrol element 108 of a
reaction device 104 located in an environment 106 and to activate the remotely
activatable control element mechanically, thermally or chemically to produce a desired
rate of a chemical reaction in the reaction device 104, and an electromagnetic signal
transmitter 116 capable of transmitting the electromagnetic signal to the remotely
activatable control element. The electromagnetic signal generator may include electrical
circuitry 112 and/or a microprocessor. In some embodiments, the electromagnetic signal
may be produced at least in part according to a pre-programmed pattern. The
electromagnetic signal may have a strength and frequency composition sufficient to
produce a change in dimension in the remotely activatable control element, e.g. a
contraction or expansion in at least one dimension. In some embodiments, the
electromagnetic signal may have strength and frequency composition sufficient to
produce a change in temperature or change in shape or position or orientation in the
remotely activatable control element. For example, the electromagnetic signal may have
strength and frequency composition sufficient to produce a change in shape in a remotely
activatable control element comprising a shape memory material such as a shape memory
metal or shape memory polymer, a bimetallic structure, or a polymeric material. The
change in shape in a remotely activatable control element may causes opening or closing
of a valve. In other embodiments, the change in shape in a remotely activatable control
element may cause expansion of a reaction region or an increase or decrease in volume of
a reaction spéce‘

Various embodiments of remote controller or remote control signal generators are

illustrated in schematic form in FIGS. 32 — 34. FIG. 32 depicts a reaction system
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including a remote controller 1050, which transrnits an electromagnetic control signal
1052 to reaction device 1054 positioned in en\;ironment 1056. Reaction device 1054 may
include a remotely activatable control element 1058, as described previously. Remote
controller 1050 may include a signal input 1051adapted for receiving a feedback signal
1060 from sensor 1062 in environment 1056, and electromagnetic control signal 1052
may be determined based at least in part upon feedback signal 1060. Feedback signal
1060 may correspond, for example, to the concentration or activity of a chemical in the
enviro‘ﬁment, the osmolality or pH of the environment, or the pressure or terﬁperature of
thé environment. Remote controller 1050 may include electrical circuitry 1064, signal
generator 1066, signal transmitter 1068, and memory 1070, for example. Feedback from
sensor 1062 may be transmitted wirelessiy from reaction device 1054, or in some |
embodiments sent via a wire connection.

In some embodiments, the remote controller may include a signal input adapted
for receiving a feedback signal from the reaction device, and the electromagnetic signal
may be determined based at least in part upon the feedback signal. The feedback signal
may be obtained from a sensor within the reaction device 1104. Examples of sensors are
described in, U.S. Patent 6,935,165, and U.S. Patent Publication 2004/0007051, both of
which are incorporated herein by reference. FIG. 33 depicts a reaction system including
remote controller 1100, which transmits electromagnetic control signal 1102 to reaction
device 1104, which is positioned in environment 1106. Reaction device 1104 includes
remotely activatable control element 1108 and sensor 1110, which produces a feedback
signal 1112 that may be transmitted wirelessly back to remote controller 1100. Remote
controller 1100 may include processor 1114, signal generator 1116, signal‘transmitter
1118, and memory 1120.

FIG. 34 illustrates a further embodiment of a reaction system in which remote
controller 1150 includes input 1160 for receiving input of information or instructions
from a user such as, for example, commands, variables, durations, amplitudes,
frequencies, waveforms, data storage or retrieval instructions, patient data, etc. As in the
other embodiments, remote controller 1150 transmits electromagnetic control signal 1152
to reaction device 1154 in environment 1156, where it activates remotely activatable

control element 1158. Input 1160 may include one or more input devices such as a
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keyboard, keypad, microphone, mouse, etc. for direct input of information from a user, or
input 1160 may be any of various types of analog or digital data inputs or ports, including
data read devices such as disk drives, memory device readers, and so forth in order to
receive information or data in digital or electronic form. Data or instructions entered via
input 1160 may be used by electrical circuitry 1162 to modify the operation of remote
controller 1150 to modulate generation of an electromagnetic control signal 1152 by
signal generator 1164 and transmission of the control signal 1152 by transmitter 1166.

The electromagnetic control signal may be produced based at least in part upon a
predetermined activation pattern. As shown in FIG. 35, a predetermined activation
pattern may include a set of stored data 1202a, 1202b, 1202¢, 12024, ... 1202e¢, having
values (1)), f(t2), f(ts), f(ta), .... f{tn), stored in a memory location 1200. The activation
pattern upon which the electromagnetic signal is based is depicted in plot 1204 in FIG.
35. Inplot 1204, time t, is indicated on axis 1206 and signal amplitude f(t,), which is a
function of t,, is indicated on axis 1208. The value of the electromagnetic signal over
time is represented by trace 1210. The predetermined activation pattern represented by
data 1202a, 1202b, 1202¢, 12024, ... 1202e may be based upon calculation,
measurements, or any other method that may be used for producing an activation pattern
suitable for activating a remotely activatable control element. Memory 1200 may be a
memory location in a remote controller, As an example, a simple remote controller may
include a stored activation pattern in memory and include electrical circuitry configured
to generate an electromagnetic control signal according to the pattern for a preset
duration or at preset intervals, without further input of either feedback information or user
data. In a more complex embodiment, a predetermined activation pattern may be
generated in response to certain feedback or user input conditions.

An electromagnetic signal may also be produced based upon a model-based
calculation. As shown in F IG. 36, an activation pattern f{t,) may be a function not only
of time (t,) but also of model parameters Py, Py, ... Py, as indicated by equation 1250.
Data 1252a, 1252b, .... 1252¢ having values Py, Py, ... Py may be stored in memory 1254,
as shown in FIG. 36. An electromagnetic control signal may be computed from the
stored model parameters and time information. For example, as indicated in plot 1256,

time is indicated on axis 1258 and the strength or amplitude of the electromagnetic
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control signal is indicated on axis 1260, so that trace 1261 represents f{t). As discussed
previously in connection with FIG. 35, memory 1254 may be a memory location in a
remote controller. The remote controller may generate an electromagnetic control signal
based upon the stored function and corresponding parameters. In some embodiments, the
electromagnetic control signal may also be a function of one or more feedback signals
(from the reaction device or the environment, for example) or of some user input of data
or instructions.

FIG. 37 depicts a remote controller 1300 having a memory 1304 capable of
storing pre-determined data values or parameters used in model-based calculation, as
described in connection with FIGS. 35 and 36. Remote controller 1300 may also include
processor 1302, signal ger;erator 1312, and signal transmitter 1314 for transmitting
electromagnetic control signal 1316, generally as described previously. Memory 1304
may include memory location 1306 for containing a stored activation pattern or model
parameters; portions of memory 1304 may also be used for storing operating system,
program code, etc. for use by processor 1302. The controller 1300 may also include a
beam director 1318, such as an antenna, optical element, mirror, transducer, or other
structure that may impact control of electromagnetic signaling.

Electromagnetic control signals may have a variety of parameters or
characteristics that may be selected or controlled. In some cases, the electromagnetic
signal may have one or both of a defined magnetic field strength or defined electric field
strength. An electromagnetic signal generator may be capable of producing an
electromagnetic signal that includes a static or quasi-static magnetic field or electrical
field. Various embodiments of electromagnetic signal generators may be capable of
producing an electromagnetic signal that includes non-ionizing electromagnetic radiation.
In selected embodiments, an electromagnetic signal generator may be capable of
producing an electromagnetic signal that includes one or more of radio-frequency,
microwave, millimeter wave, or optical, including without limitation, infrared, visible, X-
ray, or ultraviolet, electromagnetic radiation.

FIG. 38 depicts an example of an electromagnetic waveform. In plot 1350, time

is plotted on axis 1352, and electromagnetic field strength is plotted on axis 1354. Trace
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1356 has the form of a square wave, switching between zero amplitude and a non-zero
amplitude, A.

FIG. 39 depicts another example of an electromagnetic waveform. In plot 1400,
time is plotted on axis 1402, and electromagnetic field strength is plotted on axis 1404.
Trace 1406 includes bursts 1408 and 1410, during which the field strength varies between
A and —A, at a selected frequency, and interval 1412, during which field strength is zero.

FIG. 40 depicts another example of an electromagnetic waveform. In plot 1450,
time is plotted on axis 1452, and electromagnetic field strength is plotted on axis 1454.
Trace 1456 includes bursts 1458, and 1462, during which the field strength varies
between A and —A at a first frequency, and burst 1460, during which the field strength
varies between B and -B at a second (lower) frequency. Different frequencies may be
selectively receively by certain individuals or classes of remotely activatable control
elements within a device or system including multiple remotely activatable control
elements. An electromagnetic control signal may be characterized by one or more
frequencies, phases, amplitudes, or polarizations. An electromagnetic control signal may
have a characteristic temporal profile and direction, and characteristic spatial
dependences.

In one exemplary embodiment, a reaction system may include a reaction device
responsive to a static or quasi-static magnetic field control signal, and a remote controller
coﬁﬁgured to generate a static or quasi-static magnetic field control signal. A system
comprising a body structure adapted for positioning in an environment; a reaction region
located in or on the body structure including a first material capable of influencing a
chemical reaction; and a remotely activatable control element operably coupled to the
body structure and responsive to a static or quasi-static electric or magnetic field control
signal to modify one or more of the rate or kinetics of the chemical reaction. The
remotely activatable control element may modify one or more of the rate or kinetics of
the chemical reaction by modifying the influence of the first material on the chemical
reaction. Alternatively, or in addition, the remotely activatable control element may
modify the rate of exposure of a reactant capable of participating in the chemical reaction
to the first material. As described in connection with other exemplary embodiments, the

remotely activatable control element may include materials and structures such as a
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polymers, ceramics, dielectrics, metals, shape memory materials, bimetallic structures,
magnetically or electric active materials, hydrogels, ferrogels, ferroelectrics,
piezoelectrics, and composites or combinations of materials.

The remotely activatable control element may respond to the control signal by
changing in at least one dimension. The reaction region may be located in an interior
portion of the body structure and be at least intermittently in fluid communication with
the environment via at least one inlet or outlet. Alternatively, in other embodiments the
reaction region may be located on an exterior portion of the body structure in fluid
communication with the environment. The reaction device may include a valve
responsive to a change in at least one dimension of the remotely activatable control
element to modify the flow of fluid into or out of the reaction region responsive to the
change in at least one dimension of the remotely activatable control element. Additional
portions of the reaction region may be exposed responsive to the change in at least one
dimension of the remotely activatable control element. The surface area of the reaction
region may be increased responsive to the change in at least one dimension of the
remotely activatable control element. The system volume containing the reaction region
within the interior portion of the body structure may be increased responsive to the
change in at least one dimension of the remotely activatable control element. Exposure
of additional portions of the reaction region may expose additional functional groups to
produce at least a local change in osmolality or pH, surface energy, or surface charge.

In some embodiments of the system, the remotely activatable control element may
respond to the control signal by producing or absorbing heat or by changing shape. The
remotely activatable control element may include a valve element or a structural element.
The system may include an outlet through which a product of the chemical reaction is
released into the environment or an inlet through which a second material capable of
participating in the chemical reaction enters the reaction region. The first material,
included in the reaction region, may be a reactant that is modified by participation in the
chemical reaction or a non-reactant material that modifies at least one condition at which
the reaction occurs. The first material may be a catalyst that facilitates the chemical
reaction but is not significantly modified by the chemical reaction. The body structure

may be adapted for positioning in an environment selected from a body of an organism, a
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body of water, or a contained fluid volume, which may be, for example, an industrial
fluid volume, an agricultural fluid volume, a swimming pool, an aquarium, a drinking
water supply, and an HVAC system cooling water supply.

FIGS. 41A and 41B depict a reaction device 1500 which includes body structure
1502, inlet 1504, and outlet 1506. In FIG. 41A, magnetically or electrically responsive
elements 1510, each of which is coupled to a first material 1508, are disposed within the
reaction space 1509 within body structure 1502. First material 1508 is a material that
influences or participates in a chemical reaction. Upon application of a magnetic or
electric field, magnetically or electrically responsive elements 1510 move to a wall of
body structure 1502, so that the effective concentration of first material 1508 within
reaction space 1509 is reduced as depicted in FIG. 41B. Reaction device 1500 represents
another alternative embodiment of a system include a remotely activatable control
element; in this case magnetically or electrically responsive elements 1510 function as
remotely activatable control elements.

A remote controller capable of producing a static or quasi-static electromagnetic
control signal and suitable for use in a reaction system as just described may include an
electromagnetic signal generator capable of producing a static or quasi-static magnetic or
electric field control signal sufficient to produce activation of a remotely activatable
magnetically or electrically responsive control element of a reaction device located in an
environment to produce a desired rate of a chemical reaction in the reaction device and an
electromagnetic signal transmitter capable of transmitting the static or quasi-static
magnetic or electric field control signal to the remotely activatable magnetically or
electrically responsive control element through the environment when the remote
controller is positioned at a location remote from the reaction device. Such a remote
controller may include electrical circuitry. The electromagnetic signal generator may
include one or more electromagnets or permanent magnets or electric field generators or
poled electrets. The electromagnetic signal produced by the remote controller may have
a strength sufficient to produce a change in dimension or position or orientation in the
remotely activatable control element, the change in dimension or position or orientation
causing a change in the rate of the chemical reacﬁon in the reaction device. In some

embodiments, the magnetic or electric field control signal may have strength sufficient to
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produce a change in temperature of the remotely activatable control element or a change
in shape or position or orientation in a remotely activatable control element. Such a
remotely activatable control element may include, for example, a shape memory material,
a bimetallic structure, or a polymeric material. As discussed in connection with FIG. 32,
the remote controller may include a signal input adapted for receiving a feedback signal
from the environment, and the magnetic or electric field control signal may then be
determined based at least in part upon the feedback signal. For example, the feedback
signal may correspond to the concentration or activity of a chemical in the environment,
the ionic strength or pH of the environment, the temperature or pressure of the
environment or some other environmental parameter. Alternatively, or in additional, the
remote controller may include a signal input adapted for receiving a feedback signal from
the reaction device, e.g., as shown in FI1G.33, and the magnetic or electric field control
signal may produced based at least in part upon the feedback signal from the reaction
device. In some embodiments, the magnetic or electric field control signal may be
produced at least in part according to a pre-programmed pattern or predetermined
activation pattern. In some embodiments, the magnetic or electric field control signal
may be produced based on a model-based calculation. The remote controller may include
a memory capable of storing a pre-determined activation pattern, or model parameters
used in the model-based calculation.

The magnetic or electric field control signal produced by the remote controller
may have one or both of a defined magnetic field strength or a defined electric field
strength. At low frequencies the electrical and magnetic components of an
electromagnetic field are separable when the field enters a medium. Therefore, in static
and quasi-static field application, the electromagnetic field control signal may be
considered as an electrical field or a magnetic field. A quasi-static field is one that varies
slowly, i.e., with a wavelength that is long with respect to the physical scale of interest or
a frequency that is low compared to the characteristic response frequency of the object or
medium; therefore, the frequency beyond which a field will no longer be considered
‘quasi-static’ is dependent upon the dimensions or electrodynamic properties of the

medium or structure(s) influenced by the field.
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FIG. 42 is a flow diagram of a method of controlling a reaction device as
described above, which may include generating a static or quasi-static magnetic field
control signal or static or quasi-static electric field control signal absorbable by a
" remotely activatable magnetically or electrically responsive control element of a reaction
device in an environment at step 1602 and remotely transmitting the static or quasi-static
magnetic field control signal or static or quasi-static electric field control signal to the
reaction device in‘the environment with a field strength sufficient to activate the
magnetically or electrically responsive control element in the reaction device to control a
chemical reaction occurring at a reaction region of the reaction device at step 1604. The
method may include generating and transmitting the magnetic field control signal to the
reaction device with a contrcl signal source at a location remote from the reaction device.
The magnetic field control signal may be generated from a model-based calculation, or
based on a stored pattern. The method may also include receiving a feedback signal from
the environment, and based upoﬁ the feedback signal, generating a magnetic field control
signal haviﬁg frequency composition and strength expected to produce a desired feedback
signal. As discussed herein, receiving a feedback signal from the environment may
include receiving a measure of osmolality or pH, temperature, pressure or concentration
or activity of a chemical within at least a portion of the environment. In other
embodiments, the method may include receiving a feedback signal from the reaction
device, and based upon the feedback signal, generating a magnetic field control signal
having frequency composition and amplitude expected to produce a desired feedback
signal. Receiving a feedback signal from the reaction device may include, for example,
receiving a signal representing a concentration of a reactant at the reaction region of the
reaction device. Related embodiments not shown will employ quasi-static electric fields
and devices responsive thereto to effect the same functions for the same purposes.

In further embodiments, the method may include receiving user input of one or
more control parameters; and based upon the one or more control parameters, generating
a magnetic or electric field control signal having frequency composition and amplitude
expected to produce a desired rate of reaction in the reaction device. The method may
include activating the magnetically or electrically responsive control element to produce

heating or cooling of the magnetically or electrically responsive control element

-41 -



WO 2007/056522 PCT/US2006/043648

sufficient to modify the chemical reaction occurring at the reaction region, or to produce
a change in configuration of the magnetically or electrically responsive control element
sufficient to modify the chemical reaction occurring at the reaction‘region. For example,
the change in configuration may include exp‘ansion of the magnetically or electrically
responsive control element, or a change in shape of the magnetically or electrically
responsive control element.

The steps of generating an electromagnetic control signal and remotely
transmitting the electromagnetic control signal to the reaction device may be performed
according to instructions provided in the form of software, hardware or firmware.

Various embodiments may be configured for use with specific frequencies of
electromagnetic signal. For example, an embodiment of a reaction system configured to
be controlled by a RF (radio frequency) control signal may include a body structure
adapted for positioning in an environment, a reaction region located in or on the body
structure including a first material capable of inﬂuencing a chemical reaction, and a
remotely activatable control element operably coupled to the body structure and
responsive to a radio-frequency electromagnetic control signal to modify one or more of
the rate or kinetics of the chemical reaction. The remotely activatable control element
may modify one or more of the rate or reaction kinetics of the chemical reaction by
modifying the influence of the first material on the chemical reaction. The reaction
system may take a form as depicted generally in FIG. 6 for example. In some

“embodiments, the remotely activatable control element may modify the rate of exposure
of a reactant capable of participating in the chemical reaction to the first material.

The remotely activatable control element may respond to the control signal by
changing in at least one dimension. The remotely activatable control element may
include a polymer, ceramic, dielectric or metal, a shape memory material such as a shape
memory polymer or a shape memory metal, a bimetallic structure, a hydrogel, or a
ferrogel. The remotely activatable control element may include a magnetically or
electrically active material, which may be, for example, a permanently magnetizable
material, a ferromagnetic material, a ferrimagnetic material, a ferrous material, a ferric
material, a dieleotric, a ferroelectric, a piezoelectric, a diamagnetic material, a

paramagnetic material, or an antiferromagnetic material. The remotely activatable
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control element may be formed from various combinations of materials, including but not
limited to materials such as those listed above; for example, a combination of polymer
and a magnetically and/or electrically active component may be used in the remotely
activatable control element. Such a magnetically and/or electrically active component
may be heatable by the incident electromagnetic control signal, and heating or cooling of
the magnetically or electrically active component may then cause the polymer to undergo
a change in configuration that modifies the influence of the first material on the chemical
reaction.

The reaction region may be located in an interior portion of the body structure and
may be at least intermittently in fluid communication with the environment via at least
one inlet or outlet, The reaction region may be located on an exterior portion of the body
structure in fluid communication with the environment. The system may include a valve
that is responsive to a change in at least one dimension of the remotely activatable control
element. Additional portions of the reaction region may be exposed responsive to the
change in at least one dimension of the remotely activatable control element. The surface
area of the reaction region may be increased responsive to the change in at least one
dimension of the remotely activatable control element. The volume containing the
reaction region within the interior portion of the body structure may be increased
responsive to the change in at least one dimension of the remotely activatable control
element. The remotely activatable control element may respond to the control signal by
producing heat. The remotely activatable control element may include a valve element or
a structural element.

The system may include an outlet through which a product of the chemical
reaction is released into the environment or an inlet through which a second material
capable of participating in the chemical reaction enters the reaction region. The first
material is a reactant that is modified by participation in the chemical reaction, or a non-
reactant material that modifies at least one condition at which the reaction occurs (e.g.,
polarity, osmolality or pH, or charge of all or a portion of the reaction region); it may bea
catalyst that facilitates the chemical reaction but is not significantly modified by the

chemical reaction.
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A remote controller for use in such a reaction system may include an
electromagnetic signal generator capable of producing a radio frequency electromagnetic
signal configured to be received by a remotely activatable control element of a reaction
device located in an environment and to activate the remotely activatable control ele‘ment‘
to produce a desired rate of a chemical reaction in the reaction device and an
electromagnetic signal transmitter capable of transmitting the radio frequency
electromagnetic signal to the remotely activatable control element. The electromagnetic
signal generator may include electrical circuitry, including, for example, a
Mmicroprocessor.

The remote controller may produce an electromagnetic signal at least in part
according to a pre-programmed pattern. The electromagnetic signal may have a strength
and frequency composition sufficient to produce a change in dimension, temperature, or
shape in the remotely activatable control element. For example, the strength and

frequency composition may be sufficient to produce a change in shape in a remotely
activatable control element comprising a shape memory material such as a shape memory
metal or a shape memory polymer, a bimetallic structure, or a polymeric material. The
remote controller may include a signal input adapted for receiving a feedback signal from
the environment, wherein the electromagnetic signal is determined based at least in part
upon the feedback signal. An environment feedback sigﬁal may correspond to the
concentration or activity of a chemical in the environment, the osmolality or pH of the
environment, or the pressure or temperature of the environment. Alternatively, or in
addition, the remote controller may include a signal input adapted for receiving a
feedback signal from the reaction device, wherein the electromagnetic signal is
determined based at least in part upon the feedback signal. In some embodiments, the
electromagnetic signal may be produced based at least in part upon a predetermined
activation pattern. The remote controller may include a memory capable of storing the
pre-determined activation pattern. The electromagnetic signal may be produced based on
a model-based calculation. The remote controller may then include a memory capable of
storing model parameters used in the model-based calculation. The remote controller

may produce an electromagnetic signal having one or both of a defined magnetic field
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strength or a defined electric field strength, as the electromagnetic signal is not
necessarily a radiated one.

FIG. 43 is a flow diagram of a method of controlling a reaction device with a
radio frequency control signal. In general, a method of controlling a reaction device may
include generating a radio frequency electromagnetic control signal including frequency
components absorbable by a magnetically or electrically responsive control element of
the reaction device in an environment as shown at step 1652 and remotely transmitting
the radio frequency electromagnetic control signal to the reaction device in the
environment with signal characteristics sufficient to activate the magnetically or
electrically responsive control element in the reaction device to control a chemical
reaction occurring at a reaction region of the reaction device at step 1654. The method
may include generating and transmitting the radio frequency electromagnetic control
signal to the reaction device with a remote control signal source. The method may also
include generating the radio frequency electromagnetic control signal from a model-
based calculation or generating the radio frequency electromagnetic control signal based
on a stored pattern. In some embodiments, the method may include receiving a feedback
signal from the environment; and based upon the feedback signal, generating a radio
frequency electromagnetic control signal having frequency composition and amplitude
expected to produce a desired feedback signal. Receiving a feedback signal from the
environment may include receiving a measure of osmolality, pH, pressure or temperature,
or the concentration or activity of a chemical within at least a portion of the environment.
In some embodiments, the method may include receiving a feedback signal from the
reaction device, and based upon the feedback signal, generating a radio frequency
electromagnetic control signal having frequency composition and amplitude expected to
produce a desired feedback signal. A feedback signal from the reaction device may
represent a concentration of a reactant at the reaction region of the reaction device, for
example. In some embodiments, the method may include receiving user input of one or
more control parameters, and based upon the one or more control parameters, generating
aradio frequency électromagnetic control signal having frequency composition and
amplitude expected to produce a desired rate of reaction in the reaction device. The

method may include activating the magnetically or electrically responsive control
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element to produce heating or a change in configuration of the magnetically or
electrically responsive control element.

Methods of controlling the reaction device as described herein may include
generating a radio frequency electromagnetic control signal and remotely transmitting the
radio frequency electromagnetic control signal to the reaction device according to
instructions provided in the form of software, hardware or firmware.

FIG. 44 is a flow diagram of a reaction method as carried out in remotely
controlled reaction systems, of which various examples are described herein. The
method may include receiving an electromaghetic control signal from a remote control
E gignal source at step 1702; in response to the received electromagnetic control signal,
modifying a reaction condition at a reaction region of a reaction device located in an
environment through at least one of a mechanical, thermal, or chemical response of the
remotely activatable control element to the electromagnetic control signal at step 1704
and releasing a product of the reaction into the environment at step 1706. The method
may also include receiving a reactant capable of taking part in the reaction from the
environment,

‘ The method may include modifying a reaction condition at the reaction region by
modifying the area of the reaction region, for example, increasing or decreasing the area
of the reaction region. Increasing the area of the reaction region may include increasing
or decreasing the distances between reaction sites in the reaction region, and/or it may
include increasing or decreasing the number of available reaction sites in the reaction
area. The method may include modifying a reaction condition at the reaction region by
heating or cooling at least a portion of the reaction region, or by modifying the osmolality
or pH, surface charge, or surface energy of at least a portion of the reaction region. In
some embodiments, modifying a reaction condition at the reaction region may include
modifying a parameter of a reaction space within the reaction device, the reaction space
containing the reaction region. Modifying a reaction condition at the reaction region may
include modifying the volume of the reaction space, heating or cooling at least a portion
of the reaction space, or modifying the osmolality or pH or chemical composition of at

least a portion of the reaction space.
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The method may include receiving the electromagnetic control signal with a
magnetically or electrically active material, such as a permanently magnetizable material,
a ferromagnetic material, a ferrimagnetic material, a ferrous material, a ferric material, a
diamagnetic material, a dielectric or ferroelectric or piezoelectric material, a
paramagnetic material, or an antiferromagnetic material. In some embodiments, the
magnetically or electrically active material may be a polymer or a biomolecule.

Receiving the electromagnetic control signal with the magnetically or electrically active
material may result in heating or cooling, acceleration, vibration, change in orientation, or
chaﬁge in position of the magnetically or electrically active material.

In other embodiments, the method may include receiving the electromagnetic
control signal with an antenna, a resonant element, or a chemical bond. Receiving the
electromagnetic control signal may include interacting with a static or quasi-static
magnetic or electrical field, or it may include a radio-frequency electromagnetic signal, a
microwave electromagnetic signal, an infrared wavelength electromagnetic signal, an
| optical wavelength electromagnetic signal, or an ultraviolet wavelength electromagnetic
signal. Releasing the product of the reaction may include releasing a beneﬁciél material
or releasing a deactivated deleterious material.

FIG. 45 is a flow diagram of a reaction method. The' reaction method may
include receiving a material from an environment at a reaction region of a reaction device
located in the environment at step 1752, receiving an electromagnetic control signal from
a remote control signal source at step 1754, and in response to the received
electromagnetic control signal, modifying the rate or kinetics of reaction of the material
at the reaction region at stef) 1756. In some variants of such a method, modifying a
reaction condition at the reaction region may be accomplished by modifying the area of
the reaction region, i.e., either increasing or decreasing the area of the reaction region.
Increasing the area of the reaction region may increase the distances between reaction
sites in the reaction region or it may increase the number of available reaction sites in the
reaction area. Decreasing the area of the reaction region may decrease the distances
between reaction sites in the reaction region or it may decrease the number of available
reaction sites in the reaction area, for instance in order to modify the rate of diffusion of a

chemical compound.
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Modifying a reaction condition at the reaction region may also be accomplished
by heating or cooling at least a portion of the reaction region, or by modifying the
osmolality or pH, surface charge, or surface energy of at least a portion of the reaction
region. Similarly, modifying a reaction condition at the reaction region may include
modifying a parameter of a reaction space within the reaction device, the reaction space
containing the reaction region, e.g. by modifying the volume of the reaction space,
heating or cooling‘ at least a portion of the reaction space, or modifying the osmolality,
pH, pressure, temperature or chemical composition of at least a portion of the reaction
space.
| The method may include receiving the electromagnetic control signal with a
magnetically or electrically active material such as a permanently magnetizable material,
a ferromagnetic material, a ferrimagnetic material, a ferrous material, a ferric material, a
diamagnetic material, a dielectric, ferroelectric or piezoelectric material, a paramagnetic
material, or an antiferromagnetic material. In some cases, magnetically active material
may be a polymer or a biomolecule. In still other embodiments, the method may include
receiving the electromagnetic control signal with an antenna or a resonant element. In
still other embodiments, the method may include receiving the electromagnetic control
signal with at least one chemical bond. Receiving the electromagnetic control signal
includes receiving a static or quasi-static magnetic field, a static or quasi-static electrical
field, or a radio frequency, microwave, infrared, optical, or ultraviolet electromagnetic
signal. Releasing the product of the reaction may include releasing a beneficial material
or a deactivated deleterious material.

A reaction system that utilizés an electromagnetic field control signal may include
a reaction device and a remote control signal source. The reaction device may include a
body structure adapted for positioning in an environment, a reaction region located in or
on the body structure, the reaction region including a first material capable of influencing
a chemical reaction, and a remotely activatable control element operably coupled to the
body structure and responsive to an electromagnetic control signal to modify one or more
of the rate or kinetics of the chemical reaction. The remote signal source may be capable
of generating an electromagnetic control signal sufficient to activate the remotely

activatable control element to produce a desired rate of the chemical reaction. The
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remotely activatable control element may respond to the control signal by changing in at
least one dimension, or by changing in position or orientation. The remotely activatable
control element may include a polymer, a ceramic, a metal, a dielectric, a shape memory
material such as a shape memory polymer or a shape memory metal, a bimetallic
structure, a hydrogel, a ferrogel, or a magnetically or electrically active material such as a
permanently magnetizable material, a ferromagnetic material, a ferrimagnetic material, a
ferrous material, a ferric mateﬁal, a dielectric or ferroelectric or piezoelectric material, a
diamagnetic material, a paramagnetic material, or an antiferromagnetic material. In some
embodiments, the remotely activatable control element may include a composite structure
formed of two or more materials. For example, the remotely activatable control element
may include a polymer and a magnetically or electrically active component, such that the
magnetically or electrically active component may be heated or cooled by the incident
electromagnetic control signal, and heating or cooling of the magnetically or electrically
active component causes the polymer to undergo a change in configuration that modifies
the influence of the first material on the chemical reaction. The remotely activatable
control element may be responsive to a static or quasi-static electrical field or static or
quasi-static magnetic field. In some embodiments, the remotely activatable control
element may be responsive to non-ionizing electromagnetic radiation. The remotely
activatable control element may be responsive to radio-frequency, microwave, infrared,
millimeter wave, optical, or ultraviolet electromagnetic signal. In some embodiments,
the reaction region of the reaction device may be located in an interior portion of the
body structure and be at least intermittently in fluid communication with the environment
via at least one inlet or outlet. In other embodiments, the reaction region may be located
on an exterior portion of the body structure in fluid communication with the environment.
In the case that the reaction region is located in an interior portion of the body structure,
the system may also include a valve responsive to a change in at least one dimension of
the remotely activatable control element. The valve may be configured to inkcrease the
flow of fluid into the reaction region or flow of fluid out of the reaction region responsive
to the change in at least one dimension of the remotely activatable control element.

Conversely, the valve may be configured to decrease flow of fluid into or out of the
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reaction region responsive to the changé in at least one dimension of the remotely
activatable control element. |

In some embodiments, additional portions of the reaction region may be exposed
responsive to the change in at least one dimension of the remotely activatable control
element. The surface area of the reaction region may be increased responsivé to the
change in at least one dimension of the remotely activatable control element. In some
embodiments, a volume containing the reaction region within the intérior poi‘tion of the
body structure may be increased responsive to the change in at least one dimension of the
remotely activatable control element. The remotely activatable control element may be
or form a part of a heating or cooling element, a valve element, or a structural element.
The system may include one or more of an outlet through which a product of the
chemical reaction is released into the environment or an inlet through which a second
material capable of participating in the chemical reaction enters the reaction region. The
syétem may include a body structure adapted for positioning in an environment which
may be, for example, a body of an organism, a body of water, or a contained fluid volume
such as an industrial fluid volume, an agricultural fluid volume, a swimming pool, an
aquarium, a drinking water supply, or an HVAC system cooling water supply.

As described herein, various reaction devices and systems may operate under
software control. In general, software for controlling a reaction device may include
instructions for generating an electromagnetic control signal including frequency
components absorbable by a magnetically or electrically responsive control element of

‘the reaction device in an environment and instructions for remotely transmitting the
electromagnetic control signal to the reaction device in the environment with a signal
strength or duration or frequency content or other pertinent parameter sufficient to
produce at least one of mechanical, thermal or chemical activation of the magnetically or
electrically responsive control element in the reaction device to control a chemical
reaction occurring at a reaction region of the reaction device. The instructions for
generating an electromagnetic control signal may include instructions for calculating the
electromagnetic control signal based on a model or for generating the electromagnetic
control signal based on a pattern stored in a data storage location. In some embodiments,

the software may include instructions for receiving a feedback signal from the
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environment and for generating the electromagnetic control signal based at least in part
upon the received feedback signal. The software instructions may provide for generation
of an electromagnetic control signal having frequency composition and amplitude
expected to produce a desired feedback signal. Additional instructions may be provided
for receiving a feedback signal from the reaction device generating the electromagnetic
control signal based at least in part upon the received feedback signal; again, the
electromagnetic control signal may be generated with frequency composition,
polarization, directional properties, spatial gradients and amplitude expected to produce a
desired feedback signal. The software may also include instructions for receiving user
input of one or more control parameters; and instructions for generating the
electromagnetic control signél based upon the one or more control parameters.

FIG. 46 is a flow diagram of a method of controlling a reaction device according
to various embodiments disclosed herein, a method of controlling a reaction device may
include generating an electromagnetic control signal including frequency components
absorbable by a magnetically or electrically responsive control element of the reaction
device in an environment as shown at step 1802 and remotely transmitting the
electromagnetic control signal to the reaction device in the environment with signal
characteristics sufficient to produce mechanical, thermal or chemical activation of the
magnetically or electrically responsive control element in the reaction device to control a
chemical reaction occurring at a reaction region of the reaction device as shown at step
1804. The method may include generating and transmitting the electromagnetic control
signal with a remote control signal source. The electromagnetic control signal may be
generated from a model-based calculation or from a stored pattern. The ﬁethod may
include receiving a feedback signal from the environment, and based upon the feedback
signal, generating an electromagnetic control signal having signal characteristics
expected to produce a desired feedback signal. Such a feedback signal from the
environment includes may include a measure of osmolality, pH, pressure, temperature, or
the concentration or activity of a chemical within at least a portion of the environment.
In certain embodiments, the method may include receiving a feedback signal from the
reaction device; and based upon the feedback signal, generating an electromagnetic

control signal having frequency composition and amplitude expected to produce a desired
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feedback signal. Such a feedback signal may, for éxample, represent a concentration of a
reactant at the reaction region of the reaction device, the temperature of the reaction
device, or another parameter of at least a portidn of the reaction device.

| The method may also include receiving user input of one or more control .
parameters; and based upon the one or more control parameters, generating an
electromagnetic control signal having signal characteristics expected to produce a desired
rate of reaction in the reaction device. In particular, the method may include activating
the magnetically or electrically responsive control element to produce heatihg or cooling
of the magnetically or electrically responsive control element, where the heating or
cooling modifies the chemical reaction occurring at the reaction region, or activating the
magnetically or electrically responsive control element to produce a change in
configuration of the magnetically or electrically responsive control element, where the
change in configuration modifies the chemical reaction occurring at the reaction region.
The change in configuration may be, for example, an expansion of the magnetically or
electrically resp‘onsive control element, which causes exposure of reaction sites at the
reaction region or changes the density of reaction sites at the reaction region.- In one
embodiment, the method may be applied in a system where the magnetically or
electrically responsive control element includes a polymer, and the expansion of the
magnetically or electrically responsive control element causes opening of pores in the
pblymer. In some embodiments of the method, the change in configuration may include
a change in the shape of the magnetically or electrically responsive conirol element. In
various embodiments of the method, the steps of generating an electromagnetic control
signal and remotely transmitting the electromagnetic control signal to the reaction device
may be performed according to instructions provided in the form of software, hardware
or firmware,

FIG. 47 is a flow diagram of a method of controlling a reaction device in a body
of an organism. The method may include receiving an electromagnetic control signal
from a remote control signal source with a magnetically or electrically responsive control
element as indicated at step 1852, modifying a reaction condition at a reaction region of a
reaction device located in a body of an organism in response to the received

electromagnetic control signal as indicated at step 1854, and releasing a product of the
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reaction into the body of the organism as indicated at step 1856. In certain embodiments,
the method may be carried out with a reaction device in the body of an animal or a
human, a plant, or various other organisms. The method may include receiving a reactant
capable of taking part in the reaction from the environment, which may be, for example, a
biomolecule, a synthetic compound, or various other materials present in the

environment. The method may inch/J.de modifying a reaction condition at the reaction
region by modifying the area of the reaction region, which may have the effect of
modifying the distances between reaction sites in the reaction region or modifying the
number of available reaction sites in the reaction area, for example. In some
embodiments, the method may include modifying a reaction condition at the reaction
region by heating or cooling at least a portion of the reaction region, by modifying the
osmolality, pH, surface charge, or surface energy of at least a portion of the reaction
region. Modifying a reaction condition at the reaction region may include modifying a
parameter of a reaction space within the reaction device, the reaction space containing the
reaction region. As noted previously, this may include modifying the volume of the
reaction space, heating or cooling at least a portion of the reaction space, or modifying
the osmolality or pH of at least a portion of the reaction space.

The method of FIG. 47 may be performed in a system which includes
magnetically or electrically responsive control element that includes a magnetically
active material such as a permanently magnetizable material, a ferromagnetic material, a
ferrimagnetic material, a ferrous material, a ferric material, a dielectric or ferroelectric or
piezoelectric material, a diamagnetic material, a paramagnetic material, or an
antiferromagnetic material. In some embodiments, the magnetically or electrically active
material may be a polymer or a biomolecule. The method may include receiving the
electromagnetic control signal with the magnetically or electrically responsive control
element which results in heating of the magnetically or electrically active material. In
some embodiments, receiving the electromagnetic control signal with the magnetically or
electrically responsive control element results in vibration, change in orientation or
change in position, change in configuration or other movement of part or all of the
magnetically or electrically active material. A change in configuration is contemplated to

include a local or global change in shape or volume, for example. The method may also
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include recéiving the electromagnetic control signal with an antenna, a resonant element,
a chemical bond or other gain element.

Receiving the electromagnetic control signal may include receiving a static or
quasi-static magnetic field, a static or quasi-static electrical field, a radio-frequency
electromagnetic signal, a microwave electromagnetic signal, an infrared wavelength
electromagnetic signal, an optical wavelength electromagnetic signal, or an ultraviolet
wavelength électromagnetic signal. The method may include a step of releasing the
product of the reaction includes releasing a beneficial material or a deactivated
deleterious material. Examples of beneficial materials include nutrients, hormones,
growth factors, medications, therapeutic compounds, enzjmes, genetic materials,
vaccines, vitamins, imaging agents, therapeutic compounds, cell signaling materials, pro-
or anti-apoptotic agents, or neurotransmitters. Beneficial materials may be produced
within a reaction system by various types of reactions, including, for example, conversion
of pro-drugs to drugs, or enzymatic reaction of material in bloodstream (CYP450,
cholesterol metabolism (e.g., with cholesterol monooxygenase, cholesterol reductase,
cholesterol oxidase). See, for example, “Liver-Targeted Drug Delivery Using
HepDirect] Prodrugs,” Erion et al., Journal of Pharmacology and Experimental
Therapeutics Fast Forward, JPET 312:554-560, 2005 (first pub 8/31/2004) and “LEAPT:
Lectin-directed enzyme-activated prodrug therapy”, Robinson et al., PNAS October 5,
2004 vol. 101, No. 40, 14527-14532, published online before print September 24, 2004
(http://www.pnas.org/cgi/content/full/101/40/14527) , both of which are incorporated

herein by reference.

Deactivated deleterious materials may include, for example, deactivated
lipids/choleéterol, plaque, infectious agents such as microbes and infectious/misfolded
proteins, inflammatory agents such as cytokines/chemokines, growth factors, and
autoreactive antibodies, oxidants, toxins, poisons, heavy metals, pollutants including
organochlorine pollutants such as polychlorinated biphenyls (PCB) or
dichlorodiphenyldichloroethylene (p,p'-DDE) and organophosphates, tobacco products,
tar, or particulates. Deactivation of deleterious material within the reaction device may
occur through degrading, chemically modifying, detoxifying, adsorbing, absorbing,

enveloping, or killing the substance by chemical reactions such as enzymatic degradation
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and modification (e.g., alcohol dehydrogenase to remove alcohol), neutralization of free
radicals by antioxidant scavenging, and adsorption with magnetically or electrically
polarized particles (e.g. labelled with binding moieties such as antibodies) for separation
or sequéstering, as a few examples.

FIG. 48 is a flow diagram of a method of controlling a reaction device in a body
of an organism. The method may include receiving a material from a body of an
ofganism at a reaction region of a reaction device located in the body of the organism as
step 1902, receiving an electromagnetic control signal from a remote control signal
source with a magnetically or electrically responsive control element at step 1904, and in
response to the received electromagnetic control signal, modifying the rate of reaction of
the material at the reaction region at step 1906. Such a reaction method may be carried
out in an animal, a human, or a plant, for example. The method may include modifying a
reaction condition at the reaction region by modifying the area of the reaction region.
Modifying the area of the reaction region may modify the distances between reaction
sites in the reaction region, or modifying the area of the reaction region modifies the
number of available reaction sites in the reaction area. The method may include
modifying a reaction condition at the reaction region by heating or cooling at least a
portion of the reaction region, or by modifying the osmolality, pH, surface charge or
surface energy of at least a portion of the reaction region. In some embodiments,
modifying a reaction condition at the reaction region may include modifying a parameter
of a reaction space within the reaction device, the reaction space containing the reaction
region. Modifying a reaction condition at the reaction region may include modifying the
volume of the reaction space, heating or cooiing at least a portion of the reaction space, or
modifying the osmolality, pH, pressure, temperature or chemical composition of at least a
portion of the reaction space. In some embodiments, the magnetically or electrically
responsive control element which receives the electromagnetic control signal may include
a magnetically or electrically active material such as permanently magnetizable material,
a ferromagnetic material, a ferrimagnetic material, a ferrous material, a ferric material, a
dielectric or ferroelectric or piezoelectric material, a diamagnetic material, a
paramagnetic material, and an antiferromagnetic material. In some embodiments, the

magnetically or electrically active material may include a polymer or a biomolecule.
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Receiving the electromagnetic control signal with the magnetically or electrically
responsive control element may result in heating, vibration, change in orientation, or
change in position, or change in configuration of the magnetically or electrically active
material. The change in configuration, for example, may include a change in shape or
change in volume or a change in surface area.

A further variation of the method may include receiving the electromagnetic
control signal with an antenna, a resonant element, or a chemical bond. The method may
include receiving a static or quasi—statié magnetic field or electrical field, a radio-
frequency electromagnetic signal, a microwave electromagnetic signal, an infrared
wavelength electromagnetic signal, an optical wavelength electromagnetic signal or an
ultraviolet wavelength electromagnetic signal.

Receiving a material from a body of an organism may include a component or
precursor of a beneficial material such as genetic materials, vaccines, nutrients, vitamins,
imaging agents, therapeutic compounds, hormones, growth factors, pro- or anti- apoptotic
agents, or neurotransmitters. Such precursors, may include, for example, prodrugs (see,
e.g., , “Liver-Targeted Drug Delivery Using HepDirect]l Prodrugs,” Erion et al., Journal
of Pharmacology and Experimental Therapeutics Fast Forward, JPET 312:554-560, 2005
(first pub 8/31/2004) and “LEAPT: Lectin-directed enzyme-activated prodrug therapy”,
Robinson et al., PNAS October 5, 2004 vol. 101, No. 40, 14527-14532, published online
before print September 24, 2004 (http://www.pnas.org/cgi/content/full/101/40/14527),
both of which are incorporated herein by reference. Beneficial materials may be
produced, for example, conversion of pro-drug to drug, enzymatic reaction of material in
bloodstream (CYP450, cholesterol metabolism (e.g., with cholesterol monooxygenase,
cholesterol reductase, cholesterol oxidase)., Alternatively, receiving a m;aterial froma
body of an organism may include receiving a deleterious material for subsequent
deactivation, degradation, or sequestration. Deleterious material may include
lipids/cholesterol, plaque, infectious agents such as microbes and infectious/misfolded
prions, inflammatory agents such as cytokines/chemokines, growth factors, and
autoreactive antibodies, oxidants, toxins, poisons, heavy metals, pollutants including
organochlorine pollutants such as polychlorinated biphenyls (PCB) or
dichlorodiphenyldichloroethylene (p,p’-DDE) and organophosphates, tobacco products,
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tar, and particulates, which may be deactivated, degraded, or sequestered, e.g., by
degrading, chemically modifying, detoxifying, adsorbing, absorbing, enveloping, or
killing the substance by chemical reactions such as enzymatic degradation and
modification (e.g., alcohol dehydrogenase to remove alcohol), neutralization of free
radicals by antioxidant scavenging, adsorption with magnetically or electrically polarized
particles (e.g. labelled with binding moieties such as antibodies) for separation or
sequestering.

FIG. 49 is a flow diagram of a method of controlling a reaction device. The
method of controlling a reaction device may include generating an electromagnetic
control signal including frequency components absorbable by a magnetically or
electrically responsive control element of the reaction device in a body of an organism at
step 1952 and remotely transmitting the electromagnetic control signal to the reaction
device in the body of the organism with signal charaéteristics sufficient to activate the
magnetically or electrically responsive control element in the reaction device to control a
chemical reaction occurring at a reaction region of the reaction device at step 1954. The
method may include generating and transmitting the electromagnetic control signal with a
remote control signal source. The electromagnetic control signal may be generated from
a model-based calculation or from a stored pattern. The method may include receiving a
feedback signal from the body of the organism, and, based upon the feedback signal,
generating an electromagnetic control signal having waveform expected to produce a
desired feedback signal. For example, receiving a feedback signal from the body of the
organism may include receiving a measure of pH or temperature within at least a portion
of the body of the organism. Receiving a feedback signal from the body of the organism
may include receiving a measure of the concentration or activity of a chemical within at
least a portion of the body of the organism. Exemplary chemicals may include proteins,
lipids, carbohydrates, glycoproteins, amino acid sequences, nucleic acid sequences, or
ions to name only a few.

The method may include receiving a feedback signal from the reaction device and
based upon the feedback signal, generating an electromagnetic control signal having
signal characteristics predicted or expected to produce a desired feedback signal.

Receiving a feedback signal from the reaction device may include receiving a signal
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representing a concentration of a reactant at the reaction region of the reaction device.
The method may include receiving user input of one or more control parameters and
based upon the one or more control parameters, generating an electromagnetic control
signal having signal characteristics expected to produce a desired rate of reaction in the
reaction device. The method may include activating the magnetically or electrically
responsive control element to produce heating or cooling or change in configuration of
the magnetically or electrically responsive control element. The change in configuration
may include, for example, expansion of the magnetically or electrically responsive
control element, which may cause exposure of reaction sites at the reaction region or
change the density of reaction sites at the reaction region. The magnetically or
electrically responsive control element may include a polymer, and expansion of the
magnetically or electrically responsive control element may cause opening of pbres in the
polymer. The change in configuration may include a change in shape of the magnetically
or electrically responsive control element. The steps of génerating an electromagnetic
control signal and remotely transmitting the electromagnetic control signal to the reaction
device may be performed according to instructions provided in the form of software,
hardware or firmware.

With regard to the hardware and/or software used in the control of reaction
devices and systems according to the present embodiments, and particularly to the sensing,
analysis, and control aspects of such systems, those having skill in the art will recognize that the
state of the art has progressed to the point where there is little distinction left between hardware
and software implementations of aspects of systems; the use of hardware or software is generally
(but not always, in that in certain contexts the choice between hardware and software can
become significant) a design choice representing cost vs. efficiency or implementation
convenience tradeoffs. Those having skill in the art will appreciate that there are various
vehicles by which processes and/or systems described herein can be effected (e.g., hardware,
software, and/or firmware), and that the preferred vehicle will vary with the context in which the
processes are deployed. For example, if an implementer determines that speed and accuracy are
paramount, the implementer may opt for a hardware and/or firmware vehicle; alternatively, if
flexibility is paramount, the implementer may opt for a solely software implementation; or, yet

again alternatively, the implementer may opt for some combination of hardware, software,
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and/or firmware. Hence, there are several possible vehicles by which the processes described
herein may be effected, none of which is inherently superior to the other in that any vehicle to be
utilized is a choice dependent upon the context in which the vehicle will be deployed and the
specific concerns (e.g., speed, flexibility, or predictability) of the implementer, any of which may

vary.

The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or examples. Insofar as
such block diagrams, ﬂowchérts, and/or examples contain one or more functions and/or
operations, it will be implicitly understood by those with skill in the art that each function and/or
operation within such block diagrams, flowcharts, or examples can be implemented, individually
and/or collecﬁvely, by a wide range of hardware, software, firmware, or virtually any
combination thereof. In one embodiment, several portions of the subject matter subject matter
described herein may be implemented via Application Specific Integrated Circuits (ASICs),
Field Programmable Gate Arrays (FPGAs), digital signal processors (DSPs), or other integrated
formats. However, those skilled in the art will recognize that some aspects of the embodiments
disclosed herein, in whole or in part, can be equivalently implemented in standard integrated
circuits, as one or more computer programs running on one or more computers (e.g., as one or
more programs running on one or more computer systems), as one or more programs running on
One Or more Processors (e.g., as one or more programs running on one Or mMore Mmicroprocessors),
as firmware, or as virtually any combination thereof, and that designing the circuitry and/or
writing the code for the software and/or firmware would be well within the capabilities of one of
skill in the art in light of this disclosure. In addition, those skilled in the art will appreciate that
certain mechanisms of the subject matter described herein are capable of being distributed as a
program product in a variety of forms, and that an illustrative embodiment of the subject matter
described herein applies equally regardless of the particular type of signal bearing media used to
actually carry out the distribution. Examples of a signal bearing media include, but are not
limited to, the following: recordable type media such as floppy disks, hard disk drives, CD
ROMs, digital tape, and computer memory; and transmission type media such as digital and
analog communication links using TDM or IP based communication links (e.g., links carrying

packetized data).
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In a general sense, those skilled in the art will recognize that the various aspects
described herein which can be implemented, individually and/or collectively, by a wide range of
hardware, software, firmware, or any combination thereof can be viewed as being composed of
various types of "electrical circuitry.” Consequently, as used herein "electrical circuitry"
includes, but is not limited to, electrical circuitry having at least one discrete electrical circuit,
electrical circuitry having at least one integrated circuit, electrical circuitry having at least one
application specific integrated circuit, electrical circuitry forming a general purpose computing
device configured by a computer program (e.g., a general purpose computer configured by a
computer program which at least partially carries out processes and/or devices described herein,
or a microprocessor configured by a computer program which at least partially carries out
processes and/or devices described herein), electrical circuitry forming a memory device (e.g.,
forms of rapdom access memory), and/or electrical circuitry forming a communications device

(e.g., a modem, communications switch, or optical-electrical equipment).

Those skilled in the art will recognize that it is common within the art to describe
devices for detection or sensing, signal processing, and device control in the fashion sét forth
herein, and thereafter use standard engineering practices to integrate such described devices
and/or processes into reaction systems as exemplified herein. That is, at least a portion of the
devices and/or processes described herein can be integrated into a reaction system via a

reasonable amount of experimentation.

Those having skill in the art will recognize that systems as described herein may
include one or more of a memory such as volatile and non-volatile memory, processors such as
microprocessors and digital signal processors, computational-supporting or —associated entities
such as operating systems, user interfaces, drivers, sensors, actuators, applications programs, one
or more interaction devices, such as data p‘orts, control systems including feedback loops and
control implementing actuators (e.g., devices for sensing osmolality, pH, pressure, temperature,
or chemical concentration, signal generators for generating electromagnetic control signals). A
system may be implemented utilizing any suitable available components, combined with

standard engineering practices.

The foregoing-described aspects depict different components contained within, or

connected with, different other components. It is to be understood that such depicted
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architectures are merely exemplary, and that in fact many other architectures can be implemented
which achieve the same functionality. In a conceptual sense, any arrangement of components to
achieve the same functionality is effectively "associated" such that the desired functionality is
achieved. Hence, any two components herein combined to achieve a.particular functionality can
be seen as "associated with" each other such that the desired functionality is achieved,
irrespective of architectures or intermediate components. Likewise, any two components so
associated can also be viewed as being "operably connected", or "operably coupled", to each

other to achieve the desired functionality.

While particular aspects of the present subject matter described herein have been
shown and described, it will be obvious to those skilled in the art that, based upon the teachings
herein, changes and modifications may be made without departing from this sﬁbj ect matter
described herein and its broader aspects and, therefore, the appended claims are to encompass
within their scope all such changes and modifications as are within the true spirit and scope of
this subject matter described herein. Furthermore, it is to be understood that the invention is
defined by the appended claims. It will be understood by those within the art that, in general,
terms used herein, and especially in the appended claims (e.g., bodies of the appended claims)
are generally intended as “open” terms (e.g., the term “including” should be intérpreted as
“including but not limited to,” the term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not limited to,” etc.). It will be further
understood by those within the art that if a specific number of an introduced claim recitation is
intended, such an intent will be explicitly recited in the claim, and in the absence of such
recitation no such intent is present. For example, as an aid to understanding, the following
appended claims may contain usage of the introductory phrases "at least one" and "one or more"
to introduce claim recitations. However, the use of such phrases should NOT be construed to
imply that the introduction of a claim recitation by the indefinite articles "a" or "an" limits any
particular claim containing such introduced claim recitation to inventions containing only one
such recitation, even when the same claim includes the introductory phrases "one or more" or "at
least one" and indefinite articles such as "a" or "an" (e.g., “a” and/or “an” should typically be
interpreted to mean “at least one” and/or “one or more™); the same holds true for the use of
definite articles used to introduce claim recitations. In addition, even if a specific number of an

introduced claim recitation is explicitly recited, those skilled in the art will recognize that such
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recitation should typically be interpreted to mean at least the recited number (e.g., the bare
recitation of "two recitations," without other modifiers, typically means at least two recitations,

_ or two or more recitations). Furthermore, in those instances where a convention analogous to “at
least one of A, B, and C, etc.” is used, in general such a construction is intended in the sense of
one having skill in the art would understand the convention (e.g., “a system having at least one of
A, B, and C” would include but not be limited to systems that have A alone, B alone, C alone, A
and B together, A and C together, B and C together, and/or A, B, and C together). In those
instances where a convention analogous to “at least one of A, B, or C, etc.” is used, in general
such a construction is intended in the sense of one having skill in the art would understand the
convention (e.g., “ a system having at least one of A, B, or C” would include but not be limited
to systems that have A alone, B alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together).

Although the methods, devices, systems and approaches herein have been
described with reference to certain preferred embodiments, other embodiments are possible. As
illustrated by the foregoing examples, various choices of remote controller, system configuration
and reaction device may be within the scope of the invention. As has been discussed, the choice
of system configuration may depend on the intended application of the system, the environment
in which the system is used, cost, personal preference or other factors. System design,
manufacture, and control processes may be modified to take into account choices of use
environment and intended application, and such modifications, as known to those of skill in the
arts device design and construction, may fall within the scope of the invention. Therefore, the
full spirit or scope of the invention is defined by the appended claims and is not to be limited to

the specific embodiments described herein.
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CLAIMS
1. Areaction method, comprising:
receiving an electromagnetic control signal from a remote control signal source with a
magnetically or electrically responsive control element;
in response to the received electromagnetic control signal, modifying a reaction
condition at a reaction region of a reaction device located in a body of an
organism; and
releasing a product of the reaction into the body of the organism.
2. The method of claim 1, wherein the organism is an animal or a human.

3. The method of claim 1, wherein the organism is a plant.

4. The method of claim 1, including receiving a reactant capable of taking part in the

reaction from the environment.

5.  The method of claim 4, wherein the reactant is a biomolecule.

6. The metihod of claim 4, wherein the reactant is a synthetic compound.
7. The method of claim 4, wherein the reactant is a pro-drug.

8.  The method of claim 1, including modifying a reaction condition at the reaction

region by modifying the area of the reaction region.

9.  The method of claim 8, wherein modifying the area of the reaction region modifies

the distances between reaction sites in the reaction region.

10. The method of claim 8, wherein modifying the area of the reaction region modifies

the number of available reaction sites in the reaction area.
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11.  The method of claim 1, including modifying a reaction condition at the reaction

region by heating or cooling at least a portion of the reaction region.

12.  The method of claim 1, including modifying a reaction condition at the reaction

region by modifying the osmolality of the pH of at least a portion of the reaction region.

13, The method of claim 1, including modifying a reaction condition at the reaction

region by modifying the surface charge of at least 2 portion of the reaction region.

14. The method of claim 1, including modifying a reaction condition at the reaction

region by modifying the surface energy of at least a portion of the reaction region.

15. The method of claim 1, wherein modifying a reaction condition at the reaction
region includes modifying a parameter of a reaction space within the reaction device, the

reaction space containing the reaction region.

16. The method of claim 15, wherein modifying a reaction condition at the reaction

region includes modifying the volume of the reaction space.

17. The method of claim 15, wherein modifying a reaction condition at the reaction

region includes heating or cooling at least a portion of the reaction space.

18. The method of claim 15, wherein modifying a reaction condition at the reaction
region includes modifying the osmolality or the pH of at least a portion of the reaction

space.

19. The method of claim 1, wherein the magnetically or electrically responsive control

element includes a magnetically or electrically active material.
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20.  The method of claim 19, wherein the magnetically or electrically active material is
selected from a permanently magnetizable material, a ferromagnetic material, a
ferrimagnetic material, a ferrous material, a ferric material, a dielectric or ferroelectric or
piezoelectric material, a diamagnetic material, a paramagnetic material, and an

antiferromagnetic material.

21, The method of claim 19, wherein the magnetically or electrically active material is

selected from a polymer or a biomolecule.

22.  The method of claim 19, wherein receiving the electromagnetic control signal with

the magnetically or electrically responsive control element results in heating or cooling.

23.  The method of claim 19, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in vibration or

acceleration of the magnetically or electrically active material.

24.  The method of claim 19, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in change in

orientation of the magnetically or electrically active material.

25. The method of claim 19, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in change in position of

the magnetically or electrically active material.
26. The method of claim 19, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in a change in

configuration of the magnetically or electrically active material.

27. The method of claim 26, wherein the change in configuration includes a change in

shape.
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28.  The method of claim 26, wherein the change in configuration includes a change in

volume.

29.  The method of claim 1, including receiving the electromagnetic control signal with

an antenna.

30. The method of claim 1, including receiving the electromagnetic control signal with

aresonant element.

31.  The method of claim 1, including receiving the electromagnetic control signal with

at least one chemical bond.

32. The method of claim 1, wherein receiving the electromagnetic control signal

includes receiving a static or quasi-static magnetic field.

33.  The method of claim 1, wherein receiving the electromagnetic control signal

includes receiving a static or quasi-static electrical field.

34. The method of claim 1, wherein receiving the electromagnetic control signal

includes receiving a radio-frequency electromagnetic signal.

35. The method of claim 1, wherein receiving the electromagnetic control signal

includes receiving a microwave electromagnetic signal.

36. The method of claim 1, wherein receiving the electromagnetic control signal

includes receiving an infrared wavelength electromagnetic signal.

37.  The method of claim 1, wherein receiving the electromagnetic control signal

includes receiving an optical wavelength electromagnetic signal.
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38. The method of claim 1, wherein receiving the electromagnetic control signal

includes receiving an ultraviolet wavelength electromagnetic signal.

39. The method of claim 1, wherein releasing the product of the reaction includes

releasing a beneficial material.

40, The method of claim 39, wherein the beneficial material includes at least one of a
nutrient, a hormone, a growth factor, a medication, a therapeutic compound, an enzyme, a
genetic material, a vaccine, a vitamin, an imaging agent, a therapeutic compound, a cell

signaling material, a pro- or anti-apoptotic agent or a neurotransmitter.

41.  The method of claim 39, wherein the beneficial material has been produced by one

of a conversion of a pro-drug to a drug, or an enzymatic reaction.

42. The method of claim 1, wherein releasing the product of the reaction includes

releasing a deactivated deleterious material.

43, The method of claim 42, wherein the deactivated deleterious material includes a
deactivated lipid/cholesterol, deactivated plaque, deactivated infectious agent, deactivated
inflammatory agent, deactivated growth factors, deactivated autoreactive antibodies,
deactivated oxidants, deactivated toxin, deactivated poison, deactivated heavy metal,

deactivated pollutant.

44, The method of claim 42, wherein the deactivated deleterious material has been
deactivated by degrading, chemically modifying, detoxifying, adsorbing, absorbing,
enveloping, or killing the substance by chemical reactions such as enzymatic degradation
and modification, neutralization of free radicals by antioxidant scavenging, and
adsorption with magnetically or electrically polarized particles for separation or

sequestering.
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45. The reaction method of claim 1, including reéeiving an electromagnetic control

signal generated under software control by the remote control signal source.

46. A reaction method, comprising:
receiving a material from a body of an organism at a reaction region of a reaction
device located in the body of the organism;
receiving an electromagnetic control signal from a remote control signal source with a
magnetically or electriéally responsive control element; and
in “response to the received electromagnetic control signal, modifying the rate of

reaction of the material at the reaction region.
47. The method of claim 46, wherein the organism is an animal or a human.
48. The method of claim 46, wherein the organism is a plant.

49, The method of claim 46, including modifying a reaction condition at the reaction

region by modifying the area of the reaction region.

50. The method of claim 49, wherein modifying the area of the reaction region

modifies the distances between reaction sites in the reaction region.

51. The method of claim 49, wherein modifying the area of the reaction region

modifies the number of available reaction sites in the reaction area.

52.  The method of claim 46, including modifying a reaction condition at the reaction

region by heating or cooling at least a portion of the reaction region.

53. The method of claim 46, including modifying a reaction condition at the reaction

region by modifying the osmolality or the pH of at least a portion of the reaction region.
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54. The method of claim 46, including modifying a reaction condition at the reaction

region by modifying the surface charge of at least a portion of the reaction region.

55.  The method of claim 46, including modifying a reaction condition at the reaction

region by modifying the surface energy of at least a portion of the reaction region.

56. The method of claim 46, wherein modifying a reaction condition at the reaction
region includes modifying a parameter of a reaction space within the reaction device, the

reaction space containing the reaction region.

- 57.  The method of claim 56, wherein modifying a reaction condition at the reaction

region includes modifying the volume of the reaction space.

58.  The method of claim 56, wherein modifying a reaction condition at the reaction

region includes heating or cooling at least a portion of the reaction space.

59. The method of claim 56, wherein modifying a reaction condition at the reaction
region includes modifying the osmolality or the pH of at least a portion of the reaction

space.

60. The method of claim 46, wherein the magnetically or electrically responsive control

element includes a magnetically or electrically active material.

61.  The method of claim 60, wherein the magneticélly or electrically active material is
selected from a permanently magnetizable material, a ferromagnetic material, a
ferrimagnetic material, a ferrous material, a ferric material, a dielectric or ferroelectric or
piezoelectric material, a diamagnetic material, a paramagnetic material, and an

antiferromagnetic material.

62. The method of claim 60, wherein the magnetically or electrically active material is

selected from a polymer or a biomolecule.
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63. The method of claim 60, wherein receiving the electromagnetic control signal with

the magnetically or electrically responsive control element results in heating or cooling.

64. The method of claim 60, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in vibration or

acceleration of the magnetically or electrically active material.

65. The method of claim 60, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in change in

orientation of the magnetically or electrically active material.

66. The method of claim 60, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in change in position of

the magnetically or electrically active material.
67. The method of claim 60, wherein receiving the electromagnetic control signal with
the magnetically or electrically responsive control element results in change in

configuration of the magnetically or electrically active material.

68. The method of claim 67, wherein the change in configuration includes a change in

shape.

69. The method of claim 67, wherein the change in configuration includes a change in

volume.

70. The method of claim 46, including receiving the electromagnetic control signal

with an antenna.

71.  The method of claim 46, including receiving the electromagnetic control signal

with a resonant element.
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72. The method of claim 46, including receiving the electromagnetic control signal

with at least one chemical bond.

73.  The method of claim 46, wherein receiving the electromagnetic control signal

includes receiving a static or quasi-static magnetic field.

74.  The method of claim 46, wherein receiving the electromagnetic control signal

includes receiving a static or quasi-static electrical field.

75. The method of claim 46, wherein receiving the electromagnetic control signal

includes receiving a radio-frequency electromagnetic signal.

76.  The method of claim 46, wherein receiving the electromagnetic control signal

includes receiving a microwave electromagnetic signal.

77. The method of claim 46, wherein receiving the electromagnetic control signal

includes receiving an infrared wavelength electromagnetic signal.

78. The method of claim 46, wherein receiving the electromagnetic control signal

includes receiving an optical wavelength electromagnetic signal.

79. The method of claim 46, wherein receiving the electromagnetic control signal

includes receiving an ultraviolet wavelength electromagnetic signal.

80. The method of claim 46, wherein receiving the material from the body of the

organism includes receiving a component or precursor of a beneficial material.

81. The method of claim 80, wherein the beneﬁcial material includes at least one of a

nutrient, a hormone, a growth factor, a medication, a therapeutic compound, an enzyme, a
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genetic material, a vaccine, a vitamin, an imaging agent, a therapeutic compound, a cell

signaling material, a pro- or anti-apoptotic agent, or a neurotransmitter.

82. The method of claim 80, wherein the beneficial material is produced from the
component or precursor by conversion of a pro-drug to a drug or by an enzymatic

reaction.

83.  The method of claim 46, wherein receiving a material from the body of the

organism includes receiving a deleterious material from the body of the organism.

84. The method of claim 83, wherein the deleterious material includes a \
lipids/cholesterol, a-plaque, an infectious agent, an inflammatory, a growth factor, an
autoreactive antibody, an oxidants, a toxin, a poison, a heavy metal, a pollutant, a tobacco

product, tar, or a particulate.

85. The method of claim 83, wherein deleterious material the reaction produces
deactivated, degradation or séquestration of the deleterious material by degrading,
chemically modifying, detoxifying, adsorbing, absorbing, enveloping, or killing the
substance by chemical reactions such as enzymatic degradation and modification,
neutralization of free radicals by antioxidant scavenging, and adsorption with

magnetically or electrically polarized particles for separation or sequestering.

86. The method of claim 46, including receiving an electromagnetic control signal

generated under software control by the remote control signal source.

87. A method of controlling a reaction device, comprising:
generating an electromagnetic control signal including frequency components
absorbable by a magnetically or electrically responsive control element of the
reaction device in a body of an organism; and
remotely transmitting the electromagnetic control signal to the reaction device in the

body of the organism with a signal characteristics sufficient to activate the
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magnetically or electrically responsive control element in the reaction device to

control a chemical reaction occurring at a reaction region of the reaction device.

88. The method of claim 87, including generating and transmitting the electromagnetic

control signal with a remote control signal source.

89. The method of claim 87, including generating the electromagnetic control signal

from a model-based calculation.

90. The method of claim 87, including generating the eiectromagnetic control signal

based on a stored pattern.

91. The method of claim 87, including:
receiving a feedback signal from the body of the organism; and
based at least in part upon the feedback signal, generating an electromagnetic control

signal having signal characteristics expected to produce a desired feedback signal.

92. The method of claim 91, wherein receiving a feedback signal from the body of the
organism includes receiving a measure of osmolality or of pH within at least a portion of

the body of the organism.

93. The method of claim 91, wherein receiving a feedback signal from the body of the
organism includes receiving a measure of temperature or pressure within at least a

portion of the body of the organism.
94. The method of claim 91, wherein receiving a feedback signal from the body of the

organism includes receiving a measure of the concentration or activity of a chemical

within at least a portion of the body of the organism.
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95. The method of claim 94, wherein the chemical is selected from a protein, a peptide
or polypeptide, a lipid, carbohydrate, polysaccharide, glycoprotein, lipoprotein, an amino

acid sequence, a nucleic acid sequence, or an ion.

96. The method of claim 87, including:
receiving a feedback signal from the reaction device; and
based at least in part upon the feedback signal, generating an electromagnetic control

signal having signal characteristics expected to produce a desired feedback signal.

97.  The method of claim 96, wherein receiving a feedback signal from the reaction
device includes receiving a signal representing a concentration or an activity of a reactant

or a product at the reaction region of the reaction device.

98. The method of claim 87, including:
receiving user input of one or more control parameters; and
based upon the one or more control parameters, generating an electromagnetic control
signal having signal characteristics expected to produce a desired rate of reaction

in the reaction device.

99. The method of claim 87, including activating the magnetically or electrically

responsive control element to produce heating or cooling.
100. The method of claim 87, including activating the magnetically or electrically
responsive control element to produce a change in configuration of the magnetically or

electrically responsive control element.

101. The method of claim 100, wherein the change in configuration includes expansion

of the magnetically or electrically responsive control element.

102. The method of claim 101, wherein the expansion causes exposure of reaction sites

at the reaction region.
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103. The method of claim 101, wherein the expansion changes the density of reaction

sites at the reaction region.

104. The method of claim 100, wherein the magnetically or electrically responsive
control element includes a polymer, and wherein the expansion of the magnetically or

electrically responsive control element causes opening of pores in the polymer.

105. The method of claim 100, wherein the change in configuration includes change in

shape of the magnetically or electrically responsive control element.

106. The method of claim 87, wherein the steps of generating an electromagnetic control
signal and of remotely transmitting the electromagnetic control signal to the reaction

device are performed according to instructions provided in the form of software,

hardware or firmware.
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generate a static or quasi-static magnetic field control signal or
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activatable magnetically or electrically responsive control element of a
reaction device in an environment

1602

remotely transmit the static or quasi-static magnetic field control signal to
the reaction device in the environment with a signal characteristics
sufficient to activate the magnetically or electrically responsive control
element in the reaction device to control a chemical reaction occurring at
a reaction region of the reaction device.

end 2
1606 FIG. 42
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generate a radio frequency electromagnetic control signal including
frequency components absorbable by a magnetically or electrically
responsive control element of the reaction device in an environment

1652

remotely transmit the radio frequency electromagnetic control signal to
the reaction device in the environment with signal characteristics
sufficient to activate the magnetically or electrically responsive control
element in the reaction device to control a chemical reaction occurring at
a reaction region of the reaction device

1654
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in response to the received electromagnetic control signal, modify the
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end 1758
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end
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|region of the reaction device

remotely transmit the electromagnetic control signal to the reaction device
in the body of the organism with signal characteristics sufficient to

activate the magnetically or electrically responsive control element in the /79\54
reaction device to control a chemical reaction occurring at a reaction

|
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