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MOLECULARLY-IMPRINTED-POLYMER COATED CONDUCTIVE
NANOPARTICLES FOR COTININE DETECTION, AND ASSOCIATED DEVICES
AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of priority from U.S.
Provisional Application Serial No. 62/318,700 filed April 5, 2016, which is incorporated

herein by reference in its entirety.

BACKGROUND

[0002] Cotinine is the predominant metabolite of nicotine. While nicotine is
present in a subject only for a couple of hours after exposure to cigarette smoke, cotinine
is present in a subject for several days after exposure to cigarette smoke. Thus, the level
of cotinine in the blood, urine, or saliva of a subject is an indication of the subject’s
exposure to cigarette smoke over a period of several days leading up to the test. Cotinine
testing is most commonly used in smoking cessation programs to monitor compliance.
However, cotinine testing is also used in other situations such as in employee wellness
programs and for monitoring required in cases of court-mandated no-smoking directives.
The most widely used commercially available cotinine tests are based on urine testing. In
these tests, sufficient concentration of cotinine in a urine sample results in a color change
of a test strip. A human operator or user reads this color change by visual inspection. A
positive test result occurs only at concentrations associated with first-hand cigarette

smoking.

SUMMARY
[0003] In an embodiment, a molecularly-imprinted-polymer (MIP) coated
conductive nanoparticle for detecting cotinine includes (a) a conductive nanoparticle
capable of conducting an electrical current, (b) a silicon dioxide coating formed on the
conductive nanoparticle and forming a first shell around the conductive nanoparticle, and
(c) an MIP coating formed on the silicon dioxide coating and forming the second shell.
The MIP coating includes a polymer molecularly imprinted with cotinine to provide

specific affinity for binding of cotinine to the MIP coated conductive nanoparticle such
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that the cotinine is detectable as a change in electrical conductivity of the MIP coated
conductive nanoparticle.

[0004] In an embodiment, a device for detecting cotinine includes (a) a film
including a plurality of MIP coated conductive nanoparticles having specific affinity for
binding with cotinine, and (b) two electrodes in contact with the film for passing
electrical current through the film to detect binding with cotinine as a change in electrical
conductivity of the film.

[0005] In an embodiment, a method for detecting cotinine in a liquid sample
includes exposing a film to the liquid sample. The film includes MIP coated conductive
nanoparticles having specific affinity for binding with cotinine, and the film has electrical
conductivity sensitive to binding with cotinine. The method further includes measuring
electrical conductivity of the film, and determining the presence of cotinine in the liquid
sample based upon the electrical conductivity.

[0006] In an embodiment, a method for manufacturing a device for detecting
cotinine includes (a) making a solution including a polymer, a solvent, and cotinine, and
(b) adding silicon dioxide coated conductive nanoparticles to the solution to form a shell,
including the polymer and the cotinine, around each of the silicon dioxide coated metal
nanoparticles through binding of the polymer to the silicon dioxide, so as to form
polymer-silicon dioxide coated conductive nanoparticles. The method further includes
extracting the polymer-silicon dioxide coated conductive nanoparticles from the solution,
and removing the cotinine from the polymer-silicon dioxide coated conductive
nanoparticles to form molecularly-imprinted-polymer (MIP) coated conductive
nanoparticles having (i) specific affinity for binding with cotinine and (ii) electrical

conductivity sensitive to said binding with cotinine.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 illustrates a device for detecting cotinine in a liquid sample,
according to an embodiment.
[0008] FIG. 2 is a schematic view of a device for detecting cotinine in a liquid
sample, according to an embodiment.
[0009] FIG. 3 is a schematic view of another device for detecting cotinine in a

liquid sample, according to an embodiment.
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[0010] FIG. 4 illustrates a molecularly-imprinted-polymer coated conductive
nanoparticle, according to an embodiment.

[0011] FIG. 5 illustrates a molecularly-imprinted-polymer coated conductive
nanoparticle with a binding layer that aids binding of the molecularly imprinted polymer
to the conductive core, according to an embodiment.

[0012] FIGS. 6A and 6B illustrate a sensing unit for detection of cotinine,
which includes interdigitated electrodes, according to an embodiment.

[0013] FIG. 7 illustrates a packaged sensing unit for detection of cotinine,
which includes interdigitated electrodes, according to an embodiment.

[0014] FIG. 8 illustrates a method for detecting cotinine in a liquid sample,
according to an embodiment.

[0015] FIG. 9 illustrates a method for producing molecularly-imprinted-
polymer coated conductive nanoparticles configured for cotinine detection, according to
an embodiment.

[0016] FIG. 10 illustrates a method for manufacturing a cotinine detection
device, according to an embodiment.

[0017] FIG. 11 shows exemplary data obtained for an embodiment of the
device of FIG. 1 implementing an example of the sensing unit of FIGS. 6A and 6B with
molecularly imprinted polyvinylpyrrolidone-co-poly(methyl methacrylate) coated silicon

dioxide coated gold nanoparticles.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] FIG. 1 illustrates one exemplary device 100 for detecting cotinine in a
liquid sample 172. Liquid sample 172 is, for example, a urine sample of a subject 170. In
FIG. 1 shows two instances 100(1) and 100(2) of device 100, two corresponding
instances 172(1) and 172(2) of liquid sample 172, and two corresponding instances
170(1) and 170(2) of subject 170. In the exemplary scenarios shown in FIG. 1, subject
170(1) is a first-hand cigarette smoker smoking a cigarette 180, while subject 170(2) is
exposed only to second-hand cigarette smoke 182. Device 100 includes molecularly-
imprinted-polymer (MIP) coated conductive nanoparticles 110 to detect the presence of
cotinine in liquid sample 172 when placed in or on device 100. MIP coated conductive
nanoparticles 110 are discussed in further detail below in reference to FIGS. 4 and 5.

MIP coated conductive nanoparticles 110 of devices 100(1) and 100(2) are labeled 110(1)
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and 110(2), respectively. MIP coated conductive nanoparticles 110 have (a) specific
affinity for binding with cotinine and (b) electrical conductivity sensitive to the amount of
cotinine bound thereto. A measurement of the electrical conductivity of MIP coated
conductive nanoparticles 110 produces a test result 190. FIG. 1 shows two instances
190(1) and 190(2) of test results 190, respectively produced by devices 100(1) and

100(2).

[0019] Test result 190 indicates the presence of a detectable amount of
cotinine in liquid sample 172. Test results 190 may further indicate the detected
concentration of cotinine in liquid sample 172. Readout of device 100 is performed
electronically and does not require a subjective evaluation of device 100. This is in
contrast to the conventional color-change based cotinine tests available on the
commercial market, which suffer from human subjectivity in the visual readout process.
Device 100 eliminates the subjectivity of a human readout and is at least for this reason
more reliable than the conventional tests.

[0020] In addition, at least in part by virtue of MIP coated conductive
nanoparticles 110, device 100 is more sensitive than the conventional tests and is capable
of detecting cotinine in liquid sample 172 at low concentrations associated only with
second-hand smoking, such as experienced by subject 170(2). Furthermore, in certain
embodiments, test result 190 indicates the concentration of cotinine in liquid sample 172,
either as a relative measure or an absolute measure, such that device 100 is capable of
distinguishing between first-hand smoking, such as by subject 170(1), and second-hand
smoking, such as by subject 170(2). Such embodiments of device 100 may further be
capable of indicating the amount of first-hand smoking and/or the severity of second-hand
smoking. In an embodiment, device 100 is calibrated such that test result 190 indicates
the cotinine concentration of liquid sample 172 in absolute terms, for example in units of
nanograms per milliliter (ng/ml). Alternatively, test result 190 may indicate the cotinine
concentration of liquid sample 172 in relative terms.

[0021] In one embodiment, device 100 is configured for single-use and is
discarded after testing of a single liquid sample 172. In another embodiment, device 100
is configured for repeated use. In this embodiment, device 100 is washed after testing of
each liquid sample 172 to remove cotinine bound to MIP coated conductive nanoparticles

110 of device 100 for unbiased testing of the next liquid sample 172.



WO 2017/176830 PCT/US2017/026056

[0022] FIG. 2 is a schematic view of one exemplary device 200 for detecting
cotinine in liquid sample 172. Device 200 is an embodiment of device 100, and may
implement any one of the embodiments of device 100 discussed above in reference to
FIG. 1. Device 200 includes a film 210 containing MIP coated conductive nanoparticles
110. Device 200 further includes two electrodes 220 in contact with film 210, and
conductivity measurement circuitry 240 communicatively coupled with each electrode
220. By virtue of MIP coated conductive nanoparticles 110, film 210 has (a) specific
affinity for binding with cotinine and (b) electrical conductivity sensitive to the amount of
cotinine bound thereto.

[0023] In operation, liquid sample 172 is placed in device 200 in contact with
film 210 such that cotinine in liquid sample 172 may bind to MIP coated conductive
nanoparticles. Conductivity measurement circuitry 240 measures the conductivity of film
210 between electrodes 220 to detect cotinine from liquid sample 172 bound to film 210.
Conductivity measurement circuitry 240 includes an interface 232. Interface 232 outputs
test result 190. Test result 190 includes a measurement made by conductivity
measurement circuitry 240, and/or one or more parameters derived from such
measurement.

[0024] Herein, measurement of conductivity may refer to measurement of
actual conductivity or measurement of a parameter related to conductivity, such as
resistivity, resistance, and conductance. In an embodiment, conductivity measurement
circuitry 240 is configured to pass a current through film 210 between electrodes 220 to
measure the resistance of film 210 between electrodes 220. In one embodiment, test result
190 includes the conductivity or resistivity of film 210. In another embodiment, test result
190 includes the conductance or resistance of film 210 between electrodes 220. In yet
another embodiment, test result 190 includes another parameter derived from the
conductivity, resistivity, conductance, or resistance of film 210, such as a concentration of
cotinine in liquid sample 172.

[0025] In certain implementations, conductivity measurement circuitry 240 is
configured to pass a direct current (DC) through film 210 between electrodes 220 to
measure the DC resistance or DC conductance of film 210 between electrodes 220.

[0026] In certain embodiments, device 200 includes a substrate 230 that
supports electrodes 220 and film 210. Although shown in FIG. 2 as being planar, film 210

may deviate from being planar, without departing from the scope hereof. For example, in
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embodiments with electrodes 220 disposed between substrate 230 and film 210, film 210
may occupy at least some of gap 222. Furthermore, film 210 need not fully cover
electrodes 220. Film 210 may have thickness 212 in the range from 100 nanometers to 1
micron. In one example, thickness 212 is in the range from 400 to 600 nanometers.

[0027] In one embodiment, film 210 may be composed of MIP coated
conductive nanoparticles 110. In another embodiment, film 210 includes MIP coated
conductive nanoparticles 110. For example, film 210 may be mostly composed of MIP
coated conductive nanoparticles 110 but also include some polymers not bound to MIP
coated conductive nanoparticles 110.

[0028] Optionally, device 200 includes an enclosure 280 that houses film 210,
electrodes 22(), conductivity measurement circuitry 240, and substrate 230 (if included).
Enclosure 280 forms a receptacle 290 configured to receive liquid sample 172 to hold
liquid sample 172 in contact with film 210. The volume capacity of receptacle 290 is for
example in the range from 0.5 to 5 milliliters. This volume is sufficient for device 200 to
reliably detect cotinine in liquid sample 172.

[0029] FIG. 3 is a schematic view of another exemplary device 300 for
detecting cotinine in a liquid sample 172. Device 300 is an embodiment of device 100,
and may implement any one of the embodiments of device 100 discussed above in
reference to FIG. 1. Device 300 is similar to device 200 except that device 300 need not
include conductivity measurement circuitry 240. Embodiments of device 300 that do not
include conductivity measurement circuitry 240 may be configured to cooperate with
third party conductivity measurement circuitry 240 to produce test result 190. Such third
party conductivity measurement circuitry 240 may be placed externally to enclosure 280.

[0030] FIG. 4 illustrates one exemplary MIP coated conductive nanoparticle
400 which is an embodiment of MIP coated conductive nanoparticle 110 and may be
implemented in film 210. MIP coated conductive nanoparticle 400 includes a conductive
core 410 and a MIP shell 420 around core 410. MIP shell 420 is a coating that is
composed of, or includes, molecularly imprinted polymers, imprinted with cotinine, such
that MIP shell 420 has specific affinity for binding with cotinine. Conductive core 410 is
electrically conductive. However, the conductivity of MIP coated conductive nanoparticle
400 is affected by MIP shell 420. The resistivity of MIP shell 420 increases with the
amount of cotinine bound thereto, such that the conductivity of MIP coated conductive

nanoparticle 400 decreases with the amount of cotinine bound thereto. Thus, when MIP
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coated conductive nanoparticles 400 are implemented in device 100, for example in film
210 of device 200 or 300, the conductivity of film 210 decreases with the amount of
cotinine in liquid sample 172.

[0031] In one embodiment, conductive core 410 is a metal core essentially
consisting of a metal such as gold, silver, platinum, or a combination thereof. In another
embodiment, conductive core 410 includes both metal (such as gold, silver, platinum, or a
combination thereof) and non-conductive material. In yet another embodiment,
conductive core 410 includes a non-metallic conductive material such as graphite,
optionally in combination with conductive metal and/or non-conductive material.

[0032] MIP shell 420 includes a polymer that is capable of hydrogen bonding
with cotinine to facilitate affinity for binding of cotinine to MIP shell 420. In one
embodiment, MIP shell 420 includes, or is substantially composed of, a homopolymer
molecularly imprinted with cotinine and capable of hydrogen bonding. For example, MIP
shell 420 may be substantially composed of polyvinylpyrrolidone (PVP) or poly(methyl
methacrylate) (PMMA), each molecularly imprinted with cotinine. In another
embodiment, MIP shell 420 includes, or is substantially composed of a copolymer
molecularly imprinted with cotinine and capable of hydrogen bonding. As compared to
homopolymer based embodiments of MIP shell 420, the copolymer may enhance the
sensitivity of MIP shell 420 to binding of cotinine therewith. Thus, copolymer based
embodiments of MIP shell 420 may exhibit increased efficiency for binding with
cotinine, and hence increased sensitivity, such that devices 100 utilizing a copolymer
based embodiment of MIP shell 420 may be capable of detecting lower cotinine
concentrations, as compared to devices 100 utilizing a homopolymer based embodiment
of MIP shell 420. In one implementation, MIP shell 420 is substantially composed of
PVP-co-PMMA.

[0033] Core 410 may have diameter 412 in the range from 10 to 100
nanometers. MIP shell 420 may have thickness 422 in the range from 10 to 50
nanometers.

[0034] FIG. 5 illustrates one exemplary MIP coated conductive nanoparticle
500 with a binding layer that aids binding of the molecularly imprinted polymer to the
conductive core. MIP coated conductive nanoparticle 500 is an embodiment of MIP
coated conductive nanoparticle 110, which is similar to MIP coated conductive

nanoparticle 400. MIP coated conductive nanoparticle 500 includes conductive core 410,
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MIP shell 420, and a binding layer 510 disposed on conductive core 410 between
conductive core 410 and MIP shell 420. Binding layer 510 forms an inner shell around
conductive core 410. Binding layer 510 aids the binding of the polymer of MIP shell 420
to conductive core 410.

[0035] In one embodiment, binding layer 510 is substantially composed of
silicon dioxide (i.e., silica). In another embodiment, binding layer 510 is substantially
composed of alumina. In yet another embodiment, binding layer 510 includes silicon
dioxide and/or alumina. Binding layer 510 may have thickness 512 of about 10
nanometers, for example in the range from 3 to 30 nanometers.

[0036] FIGS. 6A and 6B illustrate one exemplary sensing unit 600 with
interdigitated electrodes. Sensing unit 600 may be implemented in device 100. Sensing
unit 600 forms an embodiment of film 210, electrodes 220, and substrate 230 of devices
200 and 300. FIGS. 6A and 6B shows sensing unit 600 in orthogonal cross-sectional
views. FIG. 6A is a view of a cross section taken along line 6A-6A’ in FIG. 6B. FIG. 6B
is a view of a cross section taken along line 6B-6B’ in FIG. 6A. FIGS. 6 A and 6B are best
viewed together.

[0037] Sensing unit 600 includes a substrate 630, interdigitated electrodes
620, and film 210. Substrate 630 is an embodiment of substrate 230. Interdigitated
electrodes 620 are an embodiment of electrodes 220. Each electrode 620 has a plurality of
fingers 624. For clarity of illustration, not all fingers 624 are labeled in FIGS. 6A and 6B.
Fingers 624 of one electrode 620 are interdigitated with fingers 624 of the other electrode
620. Since electrodes 620 are interdigitated, sensing unit 600 facilitates a high degree of
spatial averaging over the extent of film 210, in a manner that is conceptually equivalent
to making many parallel conductivity measurements for different portions of film 210.
This helps ensure high accuracy of a conductivity measurement made by, for example
conductivity measurement circuitry 240.

[0038] Each finger 624 has height 622, width 626, and length 627. Height 622
is for example in the range from 50 to 200 nanometers, such as approximately 100
nanometers. Width 626 is for example in the range from 10 to 100 microns, such as
approximately 40 microns. Length 627 is for example in the range from 0.5 to 3
centimeters, such as approximately 2 centimeters. Adjacent fingers 624 are spaced apart

from each other by a spacing 628. Spacing 628 is for example in the range from 5 to 50
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microns, such as approximately 20 microns. Each electrode 620 may include between 50
and 300 fingers 624, for example approximately 150 fingers 624.

[0039] Substrate 630 is a dielectric material such as silicon dioxide.
Interdigitated electrodes 620 are for example metallic. In one embodiment, interdigitated
electrodes 620 are deposited on substrate 630 using photolithography. Interdigitated
electrodes 620 may be chromium electrodes, optionally with a nickel overlayer between
the chromium and film 210. Substrate 630 has thickness 612 sufficient to avoid breakage
of sensing unit 600. Thickness 612 may be in the range from 0.75 to 1.0 millimeters.

[0040] The transverse extents 614 (only one shown in FIG. 6B) are configured
to provide a contact area between liquid sample 172 and film 210 sufficiently large to (a)
accommodate a sample volume sufficient for detection of cotinine at a desired sensitivity
level while (b) keeping the diffusion time for cotinine in liquid sample 172 to the surface
of film 210 sufficiently low to detect cotinine in liquid sample, and optionally measure its
concentration, within a desired duration. In one example, the surface area of film 210 is in
the range between 200 and 1000 millimeters’. With a surface area of 400 millimetersz,
film 210 of sensing unit 600 may accommodate a 1.0 milliliter liquid sample 172 with a
column height of 2.5 millimeters.

[0041] Without departing from the scope hereof, transverse extent 614 of
substrate 630 may exceed transverse extent 614 of interdigitated electrodes 620 and/or
transverse extent 614 of interdigitated electrodes 620 may exceed transverse extent 614 of
film 210.

[0042] FIG. 7 illustrates one exemplary packaged sensing unit 700. Sensing
unit 700 is an extension of sensing unit 600, which further includes an enclosure 780.
Sensing unit 700 may be implemented in device 100. Sensing unit 700 forms an
embodiment of film 210, electrodes 220, substrate 230, and enclosure 280 of devices 200
and 300. Enclosure 780 contains sensing unit 600. Optionally, sensing unit 700 further
includes conductivity measurement circuitry 240 communicatively with interdigitated
electrodes 620 and contained within enclosure 780. Enclosure 780 is configured with an
opening 790 over film 210. Opening 790 has height 782 and forms a receptacle for
receiving liquid sample 172 and holding liquid sample 172 in contact with film 210. This

receptacle is an embodiment of receptacle 290.
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[0043] In one example, height 782 is at least 1 millimeter. In another example,
height 782 is at least 2.5 millimeters. In yet another example, height 782 is at least 5
milliliters.

[0044] FIG. 8 illustrates one exemplary method 800 for detecting cotinine in
liquid sample 172. Method 800 may be performed by device 100, or one of devices 200
and 300, optionally implementing either one of sensing units 600 and 700.

[0045] In a step 810, a film that includes MIP coated conductive nanoparticles
110 is exposed to liquid sample 172. Step 810 may include a step 812 of receiving liquid
sample 172. In one example of step 810, liquid sample 172 is placed in receptacle 290 of
device 200 or 300 and in contact with film 210.

[0046] A step 820 measures the electrical conductivity of the film of step 810.
In one example of step 820, conductivity measurement circuitry 240 measures the
conductivity of film 210 between electrodes 220. Step 820 may include a step 822 of
passing current through the film. Step 822 is for example performed by conductivity
measurement circuitry 240 via electrodes 220. In certain embodiments, step 822 includes
a step 824 of passing electrical current through the film between interdigitated electrodes.
In one example of step 824, conductivity measurement circuitry 240 passes current
through film 210 between interdigitated electrodes 620. Optionally, step 820 implements
a step 826 of measuring the conductivity of the film in the form of resistance. In one
example of step 826, conductivity measurement circuitry 240 measures the resistance of
film 210 between electrodes 220 or between interdigitated electrodes 620.

[0047] In a step 830, method 800 determines the presence (or absence) of
cotinine in liquid sample 172 based upon the conductivity measured in step 820. In one
example of step 830, conductivity measurement circuitry 240 outputs a test result 190
based upon the conductivity measured in step 820, wherein the test result 190 indicates if
cotinine was or was not present (at a detectable level) in liquid sample 172. In certain
embodiments, step 830 includes a step 832 of deriving the cotinine concentration in liquid
sample 172 from the measured conductivity. In one example of step 830, conductivity
measurement circuitry 240 derives the cotinine concentration in liquid sample 172 from
the conductivity measured in step 820. In this example, conductivity measurement
circuitry 240 may output the cotinine concentration as test result 190. In another example

of step 830, a user derives the cotinine concentration in liquid sample 172 from test result
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190 produced by device 100. The user may utilize a lookup table supplied to the user
together with device 100 to convert test result 190 to a cotinine concentration.

[0048] FIG. 9 illustrates one exemplary method 900 for producing MIP coated
conductive nanoparticles configured for cotinine detection, such as MIP coated
conductive nanoparticles 110 or 500. Method 900 is for example used to manufacture
device 100.

[0049] A step 910 forms a solution including polymer, a solvent, and cotinine.
Step 910 dissolves the polymer and cotinine in the solvent and optionally mixes the
solution for a period of time. In one example of step 910, the polymer is dissolved in
dichloromethane and dimethylformamide with cotinine. In certain embodiments, step 910
implements a step 912 of including a polymer capable of hydrogen bonding with cotinine.
Examples of such polymers include PVP and PMMA, and combinations thereof. Step 910
may implement a step 914 of including a copolymer to enhance the sensitivity of the MIP
coating, of the MIP conductive nanoparticles produced by method 900, to binding of
cotinine therewith. In one embodiment, step 910 implements both step 912 and step 914.
In an example of this embodiment, PVP-co-PMMA and cotinine are dissolved in a
solvent, and optionally mixed for a period of time. As discussed above in reference to
FIG. 4, PVP-co-PMMA is capable of hydrogen bonding with cotinine. PVP-co-PMMA
also demonstrates enhanced sensitivity to binding of cotinine therewith as compared to
PVP alone or PMMA alone.

[0050] In a step 920, method 900 adds silicon dioxide coated conductive
nanoparticles to the solution formed in step 910. Each silicon dioxide coated
nanoparticles is, for example, core 410 with binding layer 510, wherein binding layer 510
is substantially composed of silicon dioxide. Optionally, a catalyst is added to the solution
to facilitate binding of the polymer to the silicon dioxide. While in the solution, the
silicon dioxide coated conductive nanoparticles are coated with the polymer and cotinine
through binding of the polymer to the silicon dioxide. Step 920 thus forms a shell around
each silicon dioxide coated nanoparticle. The product of step 920 is a solution that
contains polymer-silicon dioxide coated conductive nanoparticles. For each polymer-
silicon dioxide coated conductive nanoparticle, the polymer forms an outer shell around
the silicon dioxide shell, and the polymer shell has cotinine embedded therein. The silicon
dioxide-coated conductive nanoparticles are, for example, silicon dioxide-coated metal

nanoparticles, wherein each metal nanoparticle includes or is composed of gold, silver,
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and or platinum, for example. Alternatively, the silicon dioxide-coated conductive
nanoparticles are non-metallic conductive nanoparticles (such as discussed above in
reference to FIG. 4) coated with silicon dioxide.

[0051] In certain embodiments, method 900 includes a step 916 that is
performed between steps 910 and 920. In step 916, method 900 mixes a cross-linking
agent into the solution to aid binding of the polymer to the silicon dioxide coated
conductive nanoparticles in step 920. The cross-linking agent is for example tetraethyl
orthosilicate (TEOS). The cross-linking agent may cooperate with the optional catalyst of
step 920 to aid binding of the polymer to the silicon dioxide in step 920.

[0052] In a step 930, method 900 extracts the polymer-silicon dioxide coated
conductive nanoparticles from the solution. Step 930 may implement a step 932 of
centrifuging the solution to separate out the polymer-silicon dioxide coated conductive
nanoparticles.

[0053] A step 940 removes the cotinine from the polymer-silicon dioxide
coated conductive nanoparticles, of step 930, to form MIP coated conductive
nanoparticles having (a) specific affinity for binding with cotinine and (b) electrical
conductivity sensitive to the amount of cotinine bound thereto. Each MIP coated
conductive nanoparticles thus formed has a conductive core surrounded by an inner
silicon dioxide shell that is surrounded by an outer MIP shell, molecularly imprinted with
cotinine. In one example, step 940 forms MIP coated conductive nanoparticle 500 with
binding layer 510 being substantially composed of silicon dioxide.

[0054] In one embodiment, step 940 includes steps 942 and 944. In step 942,
the polymer-silicon dioxide coated conductive nanoparticles extracted in step 930 are
washed in a solvent to remove the cotinine from the polymer shell of each polymer-
silicon dioxide coated conductive nanoparticle to form the MIP coated conductive
nanoparticles. In one example, the solvent used in step 942 is an aromatic solvent such as
toluene, xylene, benzene, or a combination thereof. In step 944, this solution is
centrifuged to separate out the MIP coated conductive nanoparticles.

[0055] Optionally, method 900 includes a step 950 of collecting and drying
the MIP coated conductive nanoparticles. In one example, step 950 dries the MIP coated
conductive nanoparticles in vacuum.

[0056] In an alternative embodiment, method 900 utilizes alumina coated

conductive nanoparticles instead of silicon dioxide coated conductive nanoparticles.

12



WO 2017/176830 PCT/US2017/026056

[0057] In one example of method 900, 0.5 grams of PVP-co-PMMA and 0.25
grams of cotinine are dissolved in 3 milliliters of dichloromethane and 2 milliliters
dimethylformamide in step 910. Also as part of step 910, this solution is stirred
continuously for several hours, such as at least 6 hours. Next, in step 916 of this example
of method 900, 1 milliliter of TEOS is added to the solution. This addition may be
performed as a dropwise addition over 5 minutes. Subsequently, in step 920 of this
example of method 900, 0.01 grams of silicon dioxide coated gold nanoparticles
(AuNP@Si0,-NP) and 0.2 milliliters of 0.01 mole hydrochloric acid are added to the
solution, and the solution is stirred for several hours, such as at least 6 hours.
Hydrochloric acid functions as a catalyst for the TEOS polymerization in step 920. In this
example, step 920 forms PVP-co-PMMA coated silicon dioxide coated gold
nanoparticles, wherein the PVP-co-PMMA layer has cotinine embedded therein. Step 930
of this example of method 900 implements an example of step 932, wherein the solution
is centrifuged at 5000 revolutions per minute for 5 minutes to separate out the PVP-co-
PMMA coated silicon dioxide coated gold nanoparticles. Step 940 of this example of
method 900 implements steps 942 and 944. In this example, the PVP-co-PMMA coated
silicon dioxide coated gold nanoparticles are washed with toluene in step 942 to remove
the cotinine, to form molecularly imprinted PVP-co-PMMA coated silicon dioxide coated
gold nanoparticles. Step 944 then separates out the molecularly imprinted PVP-co-
PMMA coated silicon dioxide coated gold nanoparticles from the solution by
centrifugation in step 944. Each of these molecularly imprinted PVP-co-PMMA coated
silicon dioxide coated gold nanoparticles are an embodiment of MIP coated conductive
nanoparticle 500 with core 410 being gold, binding layer 510 being silicon dioxide, and
MIP shell 420 being PVP-co-PMMA molecularly imprinted with cotinine. Optionally, the
removal of cotinine is confirmed with ultraviolet-visible spectroscopy after step 942. In
step 950 of this example of method 900, the molecularly imprinted PVP-co-PMMA
coated silicon dioxide coated gold nanoparticles are collected and dried in vacuum.

[0058] Although not shown in FIG. 9, method 900 may include producing the
silicon dioxide coated conductive nanoparticles prior to performing step 910. In one
example, citrate-stabilized gold nanoparticles are produced by the method described in
the literature (see, for example, Frens, G. “Controlled nucleation for regulation of
particle-size in monodisperse gold suspensions”, Nat.-Phys. Sci. (1973) 241, 20-22). A
0.5 millimole aqueous solution of HAuCl4*3H,0 (Sigma-Aldrich) is boiled for 20
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minutes with 1.5 millimole Na3;CsHsO7 (Sigma-Aldrich). During this heating period, the
solution color becomes wine red indicating the presence of the nanoparticles. The
solution of colloidal gold is allowed to cool to room temperature. The sol-gel process
(Kobayashi, et al., “Sol-gel processing of silica-coated gold nanoparticles”, Langmuir
(2001) 17 6375-79) may be used to synthesize the AuNP@SiO, core-shell nanoparticles.
A sample of 0.1 grams of the gold nanoparticles are suspended in 20 milliliters of a 4:1
mixture of ethanol and deionized water and sonicated for 30 minutes. At the end of the
sonication period, 1 milliliter of a 25% aqueous ammonia solution and 0.8 milliliters of
TEOS are added and the mixture is allowed to react for 12 hours with stirring at room
temperature. The resulting silicon dioxide coated gold nanoparticles may be collected by
centrifugation at 5000 rpm for 10 minutes, rinsed with deionized water, and dried using
vacuum.

[0059] FIG. 10 illustrates one exemplary method 1000 for manufacturing a
cotinine detection device. Method 1000 may for example be used to manufacture device
100.

[0060] In a step 1030, method 1000 deposits MIP coated conductive
nanoparticles on a substrate to form a film that includes the MIP coated conductive
nanoparticles. In one example, step 1030 deposits MIP coated conductive nanoparticles
110 on substrate 230 to form film 210. In certain embodiments, step 1030 includes steps
1032 and 1034. Step 1032 disperses the MIP coated conductive nanoparticles in a solvent
to form a MIP coated conductive nanoparticle solution. In one example of step 1032, MIP
coated conductive nanoparticles 110 are dispersed in a solvent, such as
dimethylformamide. For example, the molecularly imprinted PVP-co-PMMA coated
silicon dioxide coated gold nanoparticles discussed above in reference to FIG. 9, and
produced in the example based upon 0.5 grams of PVP-co-PMMA, may be dispersed in 5
milliliters of dimethylformamide. Step 1034 deposits the solution, formed in step 1032,
on the substrate. Optionally, step 1034 includes a step 1036 of drop casting the solution
onto the substrate. In one example of step 1034, a 100 microliter aliquot of dispersed
molecularly imprinted PVP-co-PMMA coated silicon dioxide coated gold nanoparticles
(dispersed in 5 milliliters of dimethylformamide) is drop cast onto substrate 630 over
interdigitated electrodes 620, wherein substrate 630 and interdigitated electrodes 620
have been pretreated with formic acid, deionized water and acetone allowed to air dry

prior to drop casting.
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[0061] Step 1030 produces an embodiment of at least a portion of device 100,
such as (a) a sensing unit including substrate 230, electrodes 220, and film 210 forming at
least a portion of device 200 or of device 300, (b) sensing unit 600, or (c) sensing unit
700.

[0062] Step 1030 may be preceded by a step 1010 of synthesizing the MIP
coated conductive nanoparticles. In one embodiment, step 1010 is or includes method
900. Step 1010 produces MIP coated conductive nanoparticles 110, for example.

[0063] Step 1030 may also be preceded by a step 1020 of forming electrodes
on the substrate. In one example, step 1020 forms electrodes 220 on substrate 230. In
certain embodiments, step 1020 implements a step 1022 of forming the electrodes as
interdigitated electrodes. In one example, step 1022 forms interdigitated electrodes 620
on substrate 630.

[0064] In embodiment of method 1000 that include step 1020, step 1030
implements a step 1038 of depositing the MIP coated conductive nanoparticles on the
substrate over the electrodes. In one example of step 1038, MIP coated conductive
nanoparticles 110 are deposited on substrate 230, including over electrodes 220, to form
film 210, as discussed above in reference to FIG. 2. In another example of step 1038, MIP
coated conductive nanoparticles 110 are deposited on substrate 630, including over
interdigitated electrodes 620, to form film 210, as discussed above in reference to FIGS.
6A and 6B.

[0065] In an embodiment, method 1000 further includes a step 1040 of
packaging the substrate, electrodes, and film, and optionally conductivity measurement
circuitry to form a packaged device for detecting cotinine. In one example of step 1040,
the sensing unit formed in step 1030 is packaged in enclosure 280, optionally together
with conductivity measurement circuitry 240.

[0066] FIG. 11 shows exemplary data obtained for an embodiment of device
100 implementing an example of sensing unit 600 with molecularly imprinted PVP-co-
PMMA coated silicon dioxide coated gold nanoparticles. The molecularly imprinted
PVP-co-PMMA coated silicon dioxide coated gold nanoparticles are produced as
discussed above in reference to FIG. 9 and incorporated in a cotinine detection device
manufactured according to method 1000, as discussed above in reference to FIG. 10. The
data of FIG. 11 was obtained using a multimeter (Keithley model 2000) as an

embodiment of conductivity measurement circuitry 240.
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[0067] The device associated with the data of FIG. 11 had interdigitated
electrodes 620, and each electrode 620 had 158 fingers 624. Height 622, width 626, and
spacing 628 were 100 nanometers, 40 microns, and 20 microns, respectively. Film 210
had thickness 212 of about 500 nanometers.

[0068] The multimeter measured the resistance between interdigitated
electrodes 620 as a function of cotinine concentration in a liquid sample 172 deposited
onto the film. FIG. 11 plots the relative resistance and demonstrates that this example of
device 100 is sensitive to cotinine at concentrations at least as low as 5 parts per billion
(ppb). (Herein, “relative resistance” refers to (R.-Rg)/Rg, wherein R, is the resistance
measured at the concentration indicated on the horizontal axis and Ry is the resistance
measured before exposing the device to this cotinine concentration.) This sensitivity is
sufficient to detect second-hand smoking, which generally results in a cotinine
concentration in urine in the range between 10 and 30 nanograms/milliliter (10 to 30
ppb). Furthermore, FIG. 11 shows that the device is capable of quantitatively and
accurately distinguish different concentrations at least in the range from 5 ppb to 20 ppb.
In this range, the device displays a nearly linear relationship between the measured
resistance and the cotinine concentration. Additional measurements made in the range
from 20 ppb to 200 ppb, not shown in FIG. 11, shows that the relative resistance
quantitatively depends on the cotinine concentration also in this range.

Combinations of Features

[0069] Features described above as well as those claimed below may be
combined in various ways without departing from the scope hereof. For example, it will
be appreciated that aspects of one MIP coated conductive nanoparticle for cotinine
detection, or associated method or device, described herein, may incorporate or swap
features of another MIP coated conductive nanoparticle for cotinine detection, or
associated method or device, described herein. The following examples illustrate some
possible, non-limiting combinations of embodiments described above. It should be clear
that many other changes and modifications may be made to the systems and methods
herein without departing from the spirit and scope of this invention:

[0070] (A1) A MIP coated conductive nanoparticle for detecting cotinine may
include (a) a conductive nanoparticle capable of conducting an electrical current, (b) a
silicon dioxide coating formed on the conductive nanoparticle and forming a first shell

around the conductive nanoparticle, and (c) an MIP coating formed on the silicon dioxide
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coating and forming the second shell, wherein the MIP coating includes a polymer
molecularly imprinted with cotinine to provide specific affinity for binding of cotinine to
the MIP coated conductive nanoparticle such that the cotinine is detectable as a change in
electrical conductivity of the MIP coated conductive nanoparticle.

[0071] (A2) In the MIP coated conductive nanoparticle denoted as (A1), the
conductive nanoparticle may be a metal nanoparticle.

[0072] (A3) In the MIP coated conductive nanoparticle denoted as (A2), the
metal nanoparticle may include gold.

[0073] (A4) In any of the MIP coated conductive nanoparticles denoted as
(A1) through (A3), the polymer may be a dielectric polymer.

[0074] (AS5) In the MIP coated conductive nanoparticle denoted as (A4), the
dielectric polymer may be capable of hydrogen bonding with the cotinine.

[0075] (A6) In either or both of the MIP coated conductive nanoparticles
denoted as (A4) and (A5), the dielectric polymer may include a copolymer.

[0076] (A7) In the MIP coated conductive nanoparticle denoted as (A6), the
copolymer may be polyvinylpyrrolidone-co-poly(methyl methacrylate).

[0077] (AB) In either or both of the MIP coated conductive nanoparticles
denoted as (A6) and (A7), the copolymer may be capable of hydrogen bonding with the
cotinine.

[0078] (B1) A device for detecting cotinine may include a film including a
plurality of MIP coated conductive nanoparticles having specific affinity for binding with
cotinine, and two electrodes in contact with the film for passing electrical current through
the film to detect said binding as a change in electrical conductivity of the film.

[0079] (B2) In the device denoted as (B1), each of the MIP coated conductive
nanoparticles may include (a) a conductive nanoparticle for providing electrical
conductivity to the MIP coated conductive nanoparticle, and (b) an MIP coating forming
an outer shell around the conductive nanoparticle, the MIP coating including a polymer
molecularly imprinted with cotinine to provide specific affinity for binding of cotinine to
the MIP coated conductive nanoparticle.

[0080] (B3) In the device denoted as (B2), each of the MIP coated conductive
nanoparticles may further include a silicon dioxide coating disposed on the conductive

nanoparticle and forming an intermediate shell around the conductive nanoparticle
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between the conductive nanoparticle and the outer shell, to enable formation of the MIP
coating.

[0081] (B4) In either or both of the devices denoted as (B2) and (B3), the
conductive nanoparticle may be a metal nanoparticle.

[0082] (B5) In the device denoted as (B4), the metal nanoparticle may include
gold.

[0083] (B6) In any of the devices denoted as (B1) through (B5), the polymer
may be a dielectric polymer.

[0084] (B7) In the device denoted as (B6), the dielectric polymer may be
capable of hydrogen bonding with the cotinine.

[0085] (B8) In either or both of the devices denoted as (B6) and (B7), the
dielectric polymer may include a copolymer.

[0086] (B9) In the device denoted as (B8), the copolymer may be
polyvinylpyrrolidone-co-poly(methyl methacrylate).

[0087] (B10) In either or both of the devices denoted as (B8) and (B9), the
copolymer may be capable of hydrogen bonding with the cotinine.

[0088] (B11) In any of the devices denoted as (B1) through (B10), the
electrodes may be interdigitated electrodes.

[0089] (B12) In the device denoted as (B11), each of the interdigitated
electrodes may have finger width in the range from 10 to 100 microns, and the spacing
between the interdigitated electrodes may be in the range from 5 to 50 microns.

[0090] (B13) In any of the devices denoted as (B1) through (B12), the film
may have thickness in the range from 100 nanometers to 1 micron.

[0091] (B14) Any of the devices denoted as (B1) through (B13) may further
include a receptacle for receiving a liquid sample and placing the liquid sample in contact
with the film to determine presence of cotinine in the liquid sample.

[0092] (B15) The device denoted as (B14) may further include an enclosure
for containing the film and the interdigitated electrodes, wherein the receptacle is
implemented as an opening formed in the enclosure above the film.

[0093] (B16) In either or both of the devices denoted as (B14) and (B15), the
receptacle may have volume capacity in the range between 0.5 and 5 milliliters.

[0094] (B17) In any of the devices denoted as (B1) through (B16), the film

and the interdigitated electrodes may be cooperatively configured to produce a linear
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relationship between (i) resistance measured between the interdigitated electrodes and (ii)
concentration of cotinine in a liquid sample placed in contact with the film.

[0095] (B18) In any of the devices denoted as (B1) through (B17), the MIP
coated conductive nanoparticles may include any one of the MIP coated conductive
nanoparticles denoted as (A1) through (AS).

[0096] (C1) A method for detecting cotinine in a liquid sample may include
(a) exposing a film to the liquid sample, wherein the film includes MIP coated conductive
nanoparticles having specific affinity for binding with cotinine, the film having electrical
conductivity sensitive to said binding, (b) measuring electrical conductivity of the film,
and (c) determining presence of cotinine in the liquid sample based upon the electrical
conductivity.

[0097] (C2) In the method denoted as (C1), the step of measuring may include
passing electrical current through the film between two interdigitated electrodes in
contact with the film.

[0098] (C3) In either or both of the methods denoted as (C1) and (C2), the
step of measuring may include measuring the electrical conductivity in form of resistance
of the film between the interdigitated electrodes.

[0099] (C4) In the method denoted as (C3), the step of determining may
further include deriving concentration of cotinine in the liquid sample from the resistance
measured in the step of measuring.

[00100] (C5) In any of the methods denoted as (C1) through (C4), the step of
exposing may further include receiving the liquid sample.

[00101] (C6) In the method denoted as (C5), the step of receiving may include
receiving a volume of the liquid sample in range from 0.5 to 5 milliliters.

[00102] (C7) In any of the methods denoted as (C1) through (C6), each MIP
coated conductive nanoparticle may include (i) a conductive nanoparticle for providing
electrical conductivity to the MIP coated conductive nanoparticle, and (ii) an MIP coating
forming an outer shell around the conductive nanoparticle, the MIP coating including a
polymer molecularly imprinted with cotinine to provide specific affinity for binding of
cotinine to the MIP coated conductive nanoparticle.

[00103] (C8) In the method denoted as (C7), each of the MIP coated
conductive nanoparticles may further include a silicon dioxide coating disposed on the

conductive nanoparticle and forming an intermediate shell around the conductive
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nanoparticle between the conductive nanoparticle and the outer shell, to enable formation
of the MIP coating.

[00104] (C9) In the method denoted as (C8), the conductive nanoparticle may
be a metal nanoparticle.

[00105] (C10) In the method denoted as (C9), the metal nanoparticle may
include gold.

[00106] (C11) In any of the methods denoted as (C7) through (C10), the
polymer may be a dielectric polymer.

[00107] (C12) In the method denoted as (C11), in the step of exposing, the
dielectric polymer may be capable of undergoing hydrogen bonding with the cotinine.

[00108] (C13) In either or both of the methods denoted as (C11) and (C12), the
dielectric polymer may include a copolymer.

[00109] (C14) In the method denoted as (C13), the copolymer may be
polyvinylpyrrolidone-co-poly(methyl methacrylate).

[00110] (C15) In either or both of the methods denoted as (C13) and (C14), the
copolymer may be capable of hydrogen bonding with the cotinine.

[00111] (C16) In any of the methods denoted as (C1) through (C15), the MIP
coated conductive nanoparticles may be include any one of the MIP coated conductive
nanoparticles denoted as (A1) through (AS).

[00112] (D1) A method for manufacturing a device for detecting cotinine may
include (a) making a solution including a polymer, a solvent, and cotinine, (b) adding
silicon dioxide coated conductive nanoparticles to the solution to form a shell, including
the polymer and the cotinine, around each of the silicon dioxide coated metal
nanoparticles through binding of the polymer to the silicon dioxide, so as to form
polymer-silicon dioxide coated conductive nanoparticles, (c) extracting the polymer-
silicon dioxide coated conductive nanoparticles from the solution, and (d) removing the
cotinine from the polymer-silicon dioxide coated conductive nanoparticles to form
molecularly-imprinted-polymer (MIP) coated conductive nanoparticles having (i) specific
affinity for binding with cotinine and (ii) electrical conductivity sensitive to said binding
with cotinine.

[00113] (D2) The method denoted as (D1) may further include depositing the
MIP coated conductive nanoparticles on a substrate to form a film including the MIP

coated conductive nanoparticles.
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[00114] (D3) The method denoted as (D3) may further include, before the step
of depositing, forming two interdigitated electrodes on the substrate, and, in the step of
depositing, depositing the MIP coated conductive nanoparticles on the substrate over the
interdigitated electrodes such that the interdigitated electrodes are located between the
substrate and the film.

[00115] (D4) In the method denoted as (D3), the step of depositing may include
drop casting the MIP coated conductive nanoparticles on the substrate.

[00116] (D5) In either or both of the methods denoted as (D3) and (D4), the
step of depositing may include dispersing the MIP coated conductive nanoparticles in a
solvent to form a MIP coated conductive nanoparticle solution, and depositing the MIP
coated conductive nanoparticle solution on the substrate.

[00117] (D6) Any of the methods denoted as (D1) through (D5) may further
include, before the step of adding, mixing a cross linking agent into the solution to aid
binding of the polymer to the silicon dioxide in the step of adding.

[00118] (D7) In the method denoted as (D6), in the step of mixing, the cross
linking agent may be tetraethyl orthosilicate.

[00119] (DS) In any of the methods denoted as (D1) through (D7), the step of
removing comprising washing the polymer-silicon dioxide coated conductive
nanoparticles with an aromatic solvent.

[00120] (D9) In the method denoted as (D8), the aromatic solvent may be
selected from the group consisting of toluene and xylene.

[00121] (D10) In any of the methods denoted as (D1) through (D9), in the step
of making, the polymer may be a dielectric polymer.

[00122] (D11) In the method denoted as (D10), the polymer may include a
copolymer.

[00123] (D12) In the method denoted as (D11), the copolymer may be
polyvinylpyrrolidone-co-poly(methyl methacrylate).

[00124] (D13) The MIP coated conductive nanoparticle of claim 52, the
copolymer being capable of hydrogen bonding with the cotinine.

[00125] (D14) In any of the methods denoted as (D1) through (D13), in the step

of making, the solvent may include dichloromethane and dimethylmethacrylate.
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[00126] (D15) In any of the methods denoted as (D1) through (D14), in the step
of adding, each of the silicon dioxide coated conductive nanoparticles may include a
metal nanoparticle.

[00127] (D16) In the method denoted as (D15), the metal nanoparticle may be a
gold nanoparticle.

[00128] Changes may be made in the above compositions, devices, and
methods without departing from the scope hereof. It should thus be noted that the matter
contained in the above description and shown in the accompanying drawings should be
interpreted as illustrative and not in a limiting sense. The following claims are intended to
cover generic and specific features described herein, as well as all statements of the scope
of the present compositions, devices, and methods, which, as a matter of language, might

be said to fall there between.
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CLAIMS
What is claimed is:

1. A molecularly-imprinted-polymer (MIP) coated conductive nanoparticle for
detecting cotinine, comprising:

a conductive nanoparticle capable of conducting an electrical current;

a silicon dioxide coating formed on the conductive nanoparticle and forming a
first shell around the conductive nanoparticle; and

an MIP coating formed on the silicon dioxide coating and forming the second
shell, the MIP coating including a polymer molecularly imprinted with
cotinine to provide specific affinity for binding of cotinine to the MIP
coated conductive nanoparticle such that the cotinine is detectable as a

change in electrical conductivity of the MIP coated conductive nanoparticle.

2. The MIP coated conductive nanoparticle of claim 1, the conductive

nanoparticle being a metal nanopatrticle.

3. The MIP coated conductive nanoparticle of claim 2, the metal nanoparticle

comprising gold.

4. The MIP coated conductive nanoparticle of claim 1, the polymer being a

dielectric polymer.

5. The MIP coated conductive nanoparticle of claim 4, the dielectric polymer

being capable of hydrogen bonding with the cotinine.

6. The MIP coated conductive nanoparticle of claim 5, the dielectric polymer

comprising a copolymer.

7. The MIP coated conductive nanoparticle of claim 6, the copolymer being

polyvinylpyrrolidone-co-poly(methyl methacrylate).

8. The MIP coated conductive nanoparticle of claim 7, the copolymer being

capable of hydrogen bonding with the cotinine.

9. A device for detecting cotinine, comprising:
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a film including a plurality of molecularly-imprinted-polymer (MIP) coated
conductive nanoparticles having specific affinity for binding with cotinine;
and

two electrodes in contact with the film for passing electrical current through the
film to detect said binding as a change in electrical conductivity of the

film.

10. The device of claim 9, each of the MIP coated conductive nanoparticles
comprising:
a conductive nanoparticle for providing electrical conductivity to the MIP coated
conductive nanoparticle; and
an MIP coating forming an outer shell around the metal nanoparticle, the MIP
coating including a polymer molecularly imprinted with cotinine to
provide specific affinity for binding of cotinine to the MIP coated

conductive nanoparticle.

11. The device of claim 10, each of the MIP coated conductive nanoparticles
further comprising a silicon dioxide coating disposed on the conductive nanoparticle and
forming an intermediate shell around the conductive nanoparticle between the conductive

nanoparticle and the outer shell, to enable formation of the MIP coating.

12. The device of claim 10, the conductive nanoparticle being a metal
nanoparticle.

13. The device of claim 12, the metal nanoparticle comprising gold.

14. The device of claim 10, the polymer being a dielectric polymer.

15. The device of claim 14, the dielectric polymer being capable of hydrogen

bonding with the cotinine.
16. The device of claim 15, the dielectric polymer comprising a copolymer.

17. The device of claim 16, the copolymer being polyvinylpyrrolidone-co-
poly(methyl methacrylate).
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18. The MIP coated conductive nanoparticle of claim 16, the copolymer being

capable of hydrogen bonding with the cotinine.
19. The device of claim 9, the electrodes being interdigitated electrodes.

20. The device of claim 19, each of the interdigitated electrodes having finger
width in range from 10 to 100 microns, spacing between the interdigitated electrodes

being in range from 5 to 50 microns.

21. The device of claim 20, the film having thickness in range from 100

nanometers to 1 micron.

22. The device of claim 9, the film having thickness in range from 100

nanometers to 1 micron.

23. The device of claim 9, further comprising a receptacle for receiving a
liquid sample and placing the liquid sample in contact with the film to determine presence

of cotinine in the liquid sample.

24. The device of claim 23, further comprising an enclosure for containing the
film and the interdigitated electrodes, the receptacle being implemented as an opening

formed in the enclosure above the film.

25. The device of claim 24, the receptacle having volume capacity in range

between 0.5 and 5 milliliters.

26. The device of claim 9, the film and the interdigitated electrodes being
cooperatively configured to produce a linear relationship between (a) resistance measured
between the interdigitated electrodes and (b) concentration of cotinine in a liquid sample

placed in contact with the film.

27. A method for detecting cotinine in a liquid sample, comprising:

exposing a film to the liquid sample, the film including molecularly-imprinted-
polymer (MIP) coated conductive nanoparticles having specific affinity for
binding with cotinine, the film having electrical conductivity sensitive to
said binding;

measuring electrical conductivity of the film; and
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determining presence of cotinine in the liquid sample based upon the electrical

conductivity.

28. The method of claim 27, the step of measuring comprising passing
electrical current through the film between two interdigitated electrodes in contact with

the film.

29. The method of claim 28, the step of measuring comprising measuring the
electrical conductivity in form of resistance of the film between the interdigitated

electrodes.

30. The method of claim 29, the step of determining further comprising:
deriving concentration of cotinine in the liquid sample from the resistance

measured in the step of measuring.

31. The method of claim 27, the step of exposing further comprising:

receiving the liquid sample.

32. The method of claim 31, the step of receiving comprising receiving a

volume of the liquid sample in range from 0.5 to 5 milliliters.

33. The method of claim 27, each MIP coated conductive nanoparticle
comprising:
a conductive nanoparticle for providing electrical conductivity to the MIP coated
conductive nanoparticle; and
an MIP coating forming an outer shell around the conductive nanoparticle, the
MIP coating including a polymer molecularly imprinted with cotinine to
provide specific affinity for binding of cotinine to the MIP coated

conductive nanoparticle.

34. The method of claim 33, each of the MIP coated conductive nanoparticles
further comprising a silicon dioxide coating disposed on the conductive nanoparticle and
forming an intermediate shell around the conductive nanoparticle between the conductive

nanoparticle and the outer shell, to enable formation of the MIP coating.

35. The method of claim 33, the conductive nanoparticle being a metal

nanoparticle.
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36. The method of claim 35, the metal nanoparticle comprising gold.
37. The method of claim 33, the polymer being a dielectric polymer.

38. The method of claim 37, in the step of exposing, the dielectric polymer

being capable of undergoing hydrogen bonding with the cotinine.
39. The method of claim 38, the dielectric polymer comprising a copolymer.

40. The method of claim 39, the copolymer being polyvinylp yrrolidone-co-
poly(methyl methacrylate).

41. The method of claim 39, the copolymer being capable of hydrogen

bonding with the cotinine.

42. A method for manufacturing a device for detecting cotinine, comprising:

making a solution including a polymer, a solvent, and cotinine;

adding silicon dioxide coated conductive nanoparticles to the solution to form a
shell, including the polymer and the cotinine, around each of the silicon
dioxide coated metal nanoparticles through binding of the polymer to the
silicon dioxide, so as to form polymer-silicon dioxide coated conductive
nanoparticles;

extracting the polymer-silicon dioxide coated conductive nanoparticles from the
solution; and

removing the cotinine from the polymer-silicon dioxide coated conductive
nanoparticles to form molecularly-imprinted-polymer (MIP) coated
conductive nanoparticles having (a) specific affinity for binding with
cotinine and (b) electrical conductivity sensitive to said binding with

cotinine.

43. The method of claim 42, further comprising:
depositing the MIP coated conductive nanoparticles on a substrate to form a film

including the MIP coated conductive nanoparticles.

44. The method of claim 43, further comprising:
before the step of depositing, forming two interdigitated electrodes on the substrate;

and
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in the step of depositing, depositing the MIP coated conductive nanoparticles on the
substrate over the interdigitated electrodes such that the interdigitated

electrodes are located between the substrate and the film.

45. The method of claim 44, the step of depositing comprising drop casting the

MIP coated conductive nanoparticles on the substrate.

46. The method of claim 43, the step of depositing comprising:
dispersing the MIP coated conductive nanoparticles in a solvent to form a MIP
coated conductive nanoparticle solution; and

depositing the MIP coated conductive nanoparticle solution on the substrate.

47. The method of claim 42, further comprising before the step of adding:
mixing a cross linking agent into the solution to aid binding of the polymer to the

silicon dioxide in the step of adding.

48. The method of claim 47, in the step of mixing, the cross linking agent

being tetraethyl orthosilicate.

49. The method of claim 42, the step of removing comprising washing the

polymer-silicon dioxide coated conductive nanoparticles with an aromatic solvent.

50. The method of claim 49, the aromatic solvent being selected from the

group consisting of toluene and xylene.

51. The method of claim 42, in the step of making, the polymer being a
dielectric polymer.

52. The method of claim 51, the polymer comprising a copolymer.

53. The method of claim 52, the copolymer being polyvinylp yrrolidone-co-
poly(methyl methacrylate).

54. The method of claim 52, the copolymer being capable of hydrogen

bonding with the cotinine.

55. The method of claim 42, in the step of making, the solvent including

dichloromethane and dimethylmethacrylate.

28
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56. The method of claim 42, in the step of adding, each of the silicon dioxide

coated conductive nanoparticles comprising a metal nanoparticle.

57. The method of claim 56, the metal nanoparticle being a gold nanoparticle.

29
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I I:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to.form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-41 are directed toward a method of detecting cotinine in a liquid sample by passing electrical current through the film
including MIP coated conductive nanoparticles to detect binding as a change in electrical conductivity of the film, the nanoparticles
having MIP coating formed on the silicon dioxide coating.

Group Il: Claims 42-57 are directed toward a method of forming MIP-coated conductive nanoparticles through cross-linking binding of
the polymer to the silicon dioxide so as to form polymer-silicon dioxide coated conductive nanoparticles.

-***-Continued Within the Next Supplemental Box-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-41

Remark on Protest l:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-***.Continued from Box No. Ilt Observations where unity of invention is lacking -***-

The inventions listed as Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

the special technical features of Group | include a method and a device for detecting cotinine in a liquid sample, comprising: exposing a
film to the liquid sample, the film having electrical conductivity sensitive to said binding; having two electrodes in contact with the film for
passing electrical current through the film; measuring electrical conductivity of the film; and determining presence of cotinine in the liquid
sample based upon the electrical conductivity, a receptacle for receiving a liquid sample, and an enclosure for containing the film and the
interdigitated electrodes, which are not present in Group II;

the special technical features of Group Il include a method for manufacturing a device for detecting cotinine, comprising: making a
solution including a polymer, a solvent, and cotinine; adding silicon dioxide coated conductive nanoparticles to the solution to form a
shell, including the polymer and the cotinine, around each of the silicon dioxide coated metal nanoparticles through binding of the
polymer to the silicon dioxide, so as to form polymer-silicon dioxide coated conductive nanoparticles, mixing a cross linking agent into
the solution to aid binding of the polymer to the silicon dioxide, washing the polymer-silicon dioxide coated conductive nanoparticles with
an aromatic solvent, and removing the cotinine from the polymer-silicon dioxide coated conductive nanoparticles, which are not present
in Group |

The common technical features of Groups |1l is a film including the MIP coated conductive nanoparticles, the MIP coated conductive
nanoparticles comprising a first silicon dioxide coating shell around the metal nanoparticle; and a second MIP coating shell, the MIP
coating including a polymer molecularly imprinted with cotinine to provide specific affinity for binding with cotinine and electrical
conductivity sensitive to binding with cotinine.

This common technical feature is disclosed by US 2013/0040399 A1 to BELBRUNO, et al. (hereinafter 'BelBruno') in view of the
document entitled ‘Preparation and Characterization of Nonylphenol Magnetic Molecularly Imprinted Polymer' to CHEN, et al.
(hereinafter 'Chen’).

BelBruno discloses a film including the MIP coated conductive structure (molecularly-imprinted film coated on the conductive structure;
paragraphs [0014), [0016]), the MIP coated conductive structure including a polymer molecularly imprinted with cotinine to provide
specific affinity for binding with cotinine and electrical conductivity sensitive to binding with cotinine (cotinine-imprinted poly
(4-vinylphenol) films to detect binding with cotinine, the sensor sensitive to electrical resistance, electrical conductance, or current
(electrical conductivity sensitive) to binding with cotinine; paragraphs [0004], {0015, [0032]). BelBruno does not disclose MIP coated
nanoparticles comprising a first silicon dioxide coating shell around the metal nanoparticle; and a second MIP coating shell. Cheng
discloses MIP coated nanoparticles comprising a first silicon dioxide coating shell around the metal nanoparticle; and a second MIP
coating shell (Fe304 core having a first SiO2 coating and a second MIP coating formed on SiO2 coating; abstract; page 1144, second
column, fourth paragraph; page 1145, figure 1). It would have been obvious to one of ordinary skill in the art, at the time the invention
was made, to have modified the film, as previously disclosed by Be!Bruno, in order to have provided for MIP coated nanoparticles
comprising a first silicon dioxide coating shell around the metal nanoparticle; and a second MIP coating shell, as disclosed by Cheng, so
as to obtain a core-shell nanoparticle having a silicon dioxide intermediate layer for providing a hydrophilic contact between the metal
core and the outmost molecular-imprinted polymer shell (Cheng; page 1145, first column, second paragraph, figure 1).

Since the common technical feature is previously disclosed by BelBruno in view of Cheng, this common feature is not special and so
Groups I-I} lack unity.
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