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fmgrnnl perfume, and m--:lv.ﬂ:-mry. as in the d.nt:-ctinn of mercaptans,
which are the nnﬁty-snwll_m;; sﬁulnur-mnlntnmg substances that are
added to the natural gas piped into houses,
| The exquisile nanosensors i1'1 the nasal bulb of some animals, par-
ylarly dogs, is crucial to their survival and to some of the ways in |
!I:—“h]_ch t.hf-‘}' help ]wnpl:-. The fundamental mechanism behind a dog's \
:1,“50 of smell, or behind the sex nltrnctnlnm (pheromones) that are lI
) cial in much of the insecl wnrlt._i, is _Ln_tlliu_c_qlﬁnr recg_;_;_nitinn. \
E-::mplumentar}r shapes within the sensing structure of the dog’s nose |
or the insect’s receptors recognize the shape vff the signal mnlgcule&,
and in parlicular the dl.-;trill.mtiun ol L‘Ill}i;ll'{]ﬂlc -:.*_l*uarg(? on their sur-
faces. The simplest analogy is of a key fitting Eruc;suly into a lock, but
in this case the key must have not only the right shape but also the
dght distribution of electrical charges on its surface. In this respect,
“Tthe ‘mngnetic card locks that are common at hotels are better repre-
" sentations of molecular recognition in that they not only detect the
key but also flash a green light to show you when they have detected
the right key (and are thus true sensors since they both detect the key
and give a Sigﬂﬂ]]_: "y
In addition to chemical sensing, the biological world relies on sen-
sors for other properties. Many flowers and leaves are attracted to the
sun, which is their source of energy. Particular molecular sensors in
the structure of the leaf or flower respond to the presence of the sun.
These sensors signal the molecular motor structure of the leaf or flow-
er to move in a particular direction, to face the sun and gain more
energy from it. We'll talk about this much more in Chapter 9. Animals
have ears to sense sounds, and fish have lateral lines to sense sound

and pressure variations. All of these are sensing mechanisms and all
of them are crucial to life.

Sensors in the synthetic nanoworld will prove to be just as critical
and are often built on the same premises as their natural counterparts
rather than their current artificial big brothers, macroscale sensors.
Those macroscale artificial sensors usually work via physical proper-
;Etig f Il?c:l lk materials or via complex mechanical or electronic appa-
EXPa;lsin]: ED’;QFPI% thermometers work by measuring the thermal

Mechanical s Sll'qEE] mercury and accelerometers use microelectro-
car. Neither l\iE '8 to measure the acceleration or deceleration of a
MS nor thermal expansion is an easy process to trans-

late to th
e
hanoscale. Instead, nanoscale sensors will often either
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ELECTROMAGNETIC SENSORS . . .. ... .

“ magnetic” refers to any form of energy th-?t i
:;;;En; :ﬁiﬁ. Sg:ting with the Iowes.t energy and Boin .
highest, some examples are radio waves, infrared light, visib)e lighy
from the red to the violet, ultraviolet light, and x-rays, Sounq i
essentially a propagating pressure wave, and therefore sj

" =y e slightly gg.
ferent from electromagnetic radiation,.but it is sensed in a Very simi.
lar fashion,

S Pro

g to th,

The simplest electromagnetic sensors resp

tion, like photoelectric cells that are used to
sun goes down. These wor

ond to a physica] cond;.
turn lights on when the

€ intensity of light com-

tare exciteq b
e ' '
semj m:lsuhhtﬂn transfer a electron i}l'_lcapturmg ot Th
toelectric devi ctor like titan;

. - 1nto g Nanoscale quantum
to me §a sengor ; 10xide, Usin
aSure thy ris

Straj
e E-IECtmn has belghl'fonvard. Itis Eimp]y necessary
Wer jtg : Ansferreq g Eans ®Ired, and this is relative-
o recompjry | OVes through an exter-
"ng with the positive charge

g one of these pho-

Scanned by CamScanner

Eles

left
ecle

[ T R Sa— R



Electromagnetic Sensors 104

left behind on the dye. In other words, if a photocell is producing
electricity, we know that it has been exposed to light.

A very much older, and in some senses even more elegant,
nanoscale photosensor is behind the science and art of photography.
in traditional silver photography, the photons (light energy) cause a
chemical reaction among the si!ver ions that are held in the emulsion
on the film surface. The silw::: lons come together to form nanoscale
silver clusters (the simplest is actually just four atoms) that grow
large enough to scatter and capture _thc light, thereby appearing black
on the surface. Again, the change in properties with size that is so
essential to nanotechnology is at work here.

Making x-ray, ultraviolet, or infrared film requires very similar

rocesses. (Often those films are made by the same companies that

,-P;-,ake photographic film.) The requirement is simply that the pho-
toactive agent, which is still often silver, must interact with light of
the appropriate wavelength. For x-rays, the wavelengths are very
much shorter; for infrared, they are very much longer. To tune a
Graetzel cell-based photosensor to respond to different colors or
types of light, it is only necessary to find an appropriate dye

--molecule,
The sensors in film are molecular/atomic, and the sensing process

consists of an irreversible change in the clustering of the silver atoms.
Microphones sense sound or pressure in a very different way. They
consist of diaphragms that are set to vibrating when exposed to a
pressure or sound wave. This is very much the same principle as a
drumhead—when an external source of pressure hits the drumhead,
it starts to vibrate. In fact, hair cells in our ears work in this same way:
the membrane is set into vibration by the external pressure wave that
corresponds to sound, and then a very sophisticated set of chemical
signals is activated by the vibrations of the membrane. The ear is a
very complex multiscale electromagnetic sensor that is based largely
on molecular signals. The energy is changed and propagated (the
technical term is transduced) from the vibrations in the membrane into

electrochemical signals that travel to the brain.

Wig:-’-;ﬁ;;se rmi:st electromagnetic sensors are already designed to deal

less comn Cﬁcatedor near-nanoscale waves, shrinking them tends to be

inp Partpu fa ed than it is for other kinds of sensors. It is an interest-

Nanoscy] fanotechnology, but not quite as groundbreaking as
© artificial biosensors, an entirely new field.
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in a colorimetric sensor are 3

The upper schematic shows how the nanodots
brought together upon binding to the DNA target (in this case anthrax).

The clustered dots have a different color. than the unclustered ones as is
shown in the photograph below them. Courtesy of the Mirkin Group

Northwestern Unfuersﬂy.
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Chad Mirkin, nanoscientist and entrepreneur, envisions a world
where doctors will be able to diagnose diseases and conditions in g,
examination room instantly and accurately not Flﬂl}’ by ana]_vzing a
patient’s symptoms but also by actually sensing PﬂthOEEHS In 3
patient’s body or blood. Together with renowned researcher Robert
Letsinger, Mirkin founded g startup company Nanosphere, Inc,
which has begun commercializing their work on biosensors. Using
the same DNA-matching biosensor techniques that we discussed,
they have already developed one of the world’s quickest and most
fecurate tests for anthrax and are developing a syite of tests for other

N-a-chip, many tests can
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