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(57) Abstract: A detection apparatus for detection of an organic compound, wherein the apparatus comprises a sample receptacle for
receiving a sample, an optical arrangement for emitting a source optical signal towards the sample and for detecting a responsive op -
tical signal from the sample, and a processor to determine qualitative and/or quantitative information of the organic compound in the
sample according to solvatochromic properties of the sample.
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DETECTION OF ORGANIC COMPOUNDS

Field

[0001] The present disclosure relales (o defection of organic compounds, and more

particularly, the detection of phithalates and phthalate-based organic compounds.

Background

[C002] Crganic compounds are widely present in the environment. Rubber, plastics, fusl,
pharmaceutical, cosmelics, detergent, coatings, dyesiuff, volatile organic compounds, and
agrichemical substances, {0 name 3 few, are example organic compounds which are present
in the environment and which people come in contact almost on a daily basis. Some organic

compounds are harmful, non-friendly, or noteworthy.

[C003] Plasticizers or dispersants are organic compound additives that enhance the plasticity
or fluidity of a material. While plasticizers are primarily used in plastics, especially polyvinyl
chloride (PVC), plasticizers are also blended in other materials including concrete, clays, and

related producis {o improve or modify their properties.

[0004] While plasticizers are useful, prolonged exposure to some plasticizers has been known
to pose heaith risks. For example, long-term exposure to DEHP is found to affect the liver and
Kidney as well as the reproduction and development of experimental animals. DEHP is
classified as possibly carcinogenic to humans. Compared with DEHF, DINP has lower {oxicity.
Chronic large-dose exposure to DBF was found to affect the reproduction and development

and cause birth defect in experimental animals.

[CO05] Currently, plasticizers and cother organic compounds are typically detected using gas
chromatography mass spectrometers (SC-MS) which are bulky, expensive and requires

tedious operation procedures.

[0008] Simple and expedient detection schemes and delection apparatus of reasonable

accuracy for detection of plasticizers and other organic compounds are therefore desirable.

Disclosure

[C007] An organic compound detector is disclosed. The delector comprises a solvatochromic
molecularly imprinted polymer ("SMIP”) which is affinitive or complementary to a target organic
compound, and the molecular imprinted polymer {(or more specifically, its solvatochromic
functional group such as iis sobvatochromic functional monomer) is 1o change colour when the

farget organic compound is captured by or coupled with the SMIP.
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[G008] In some embodiment, the molecularly imprinted polymer is for capturing an organic

compound comprising one or more than one functional group as shown in Tables 1A-1H.

[0008] In some embodiment. the delector is having receplor site that is affinitive or
complementary (o 3 target phthalaie or a phthalaie-based plasticizer. The target phihalate or

the phthalate-based plasticizer is any one of the phthalate shown in Table 3.

(00107 In some embodiment, the molecular imprinted polymer comprises a solvatochromic

functional monomer having the structure:

[C011] Since a molecularly imprinted polymer can be tailor-made for or 1o bind with a specific
grganic compound, and more particular {o bind with a specific or characteristic functional group
of the specific organic compound, the detecltor is specific for the specific organic compound,
in particular organic compound having a particular funclional group. Guslitative analysis and
guantitative analysis can be achieved without (or with less) inferference and unstable test
result due to a mix of different organic compounds in a sample can be mitigated. itis a unique
solvatochromic property of a solvatochromic MiP that the wavelength distribution and/or
intensity of a characteristic wavelength of a composite analyte formed by capturing of a target
organic compound by a solvatochromic MIP changes with changing concentration of the
composite analyte, and this unigue solvatochromic property is utilized herein {o facilitate rapid

and efficient solvatochromic detection of organic compounds.

[0012] A method of detecting presence and/or determining concentration of a target organic
compound in & sample is disclosed. The method comprising dissolving a target sampie in an
organic solvent {0 obtain a sample solution; applving a probing device {o the sample solution
to form a target analyis, the probing device comprising a solvatochromic molecularly imprinted
polymer or SMIP, and the SMIP comprising a sobvatochromic funclional group or a
solvatochromic functional monomer the colour and/or fluorescence properties of which will
change upon coupling or encountering the larget organic compound or when the target organic
compound is captured by the SMIP, and delecling or dstermining presence and/or
concentration of the targset organic compound with reference o colorimetric, luminescent

and/or fluorescent response of the target anaiyte.

[0013] A detection apparatus for detection of organic compound is disclosed. The apparatus

comprises a sample receptacie for receiving a sample, an optical arrangement for emitling a
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source optical signal towards the sample and for detecting a responsive optical signal from
the sample, and a processor 1o determine qualitative and/or quantitative information of the
organic compound in the sample according to solvatochromic properties of the sample, for
example, according to solvatochromic properties and/or with reference o colorimetric,
luminescent and/or fluorescent response of the target analyte. The target analyle comprises
analyte composites and each analyte composite comprises a probing device and a3 target
organic compound or at least a characteristic funclional group thereof. The probing device
comprises a selvatochromic molecularly imprinted polymer or SMIP, and the SMIP comprises
a soivatochromic functional group or a solvatochromic functional monomer. The colour and/or
fiuorescence properties of the solvatochromic functional group or the solvatochromic
functional monomer is to change upon encountering or coupling with the target organic

compound.

[0014] The detector is light weight, portable and low-cost while providing rapid, reasonably
accurate and cost-effective test results. The detector is particularly useful for a small buying
office, retailer and manufacturing factory to help determine whether materials of a finished
product do comply with concentration limils or allowance of specific types of organic
compounds, for exampile, limit of phthalaie or plasticizers in accordance with the reguiremenis
of part three of ASTMFSE3 of CPSC and part three of ENT71 of 20089/48/EC.

[0015] A sample extraction apparatus for rapid extraction of samples (o facilitate detection of
an organic compound or organic compounds is aiso disclosed. The apparatus comprises a
heating chamber and an enciosed sample container. The enclosed sample container has a
bottom portion and an enclosed upper portion. The heating chamber is for heating sample on

the bottom portion for sample coliection at the enclosed upper portion.

[0018] A method of organic compound sample extraction for guantifative or concentration
determination is disciosed. The method comprising placing a first predsetermined weight of an
organic compound containing sample inside a sample container and closing the sample
container to form an enclosed sample container, the enclosed sample container comprising a
bottom portion, & top portion and an upper portion comprising an intermediate wall dependant
from the top portion; heating the bottom portion of the sample container to vaporize the organic
compound o deposit on the top and/or upper portions of the enclosed sample container when
the sample is on the boltom portion of the enclosed sample container; and dissolving the
organic compound from the sample container in a second predetermined amount of a polar

grganic solvent.
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{0171 In some embodiments, the method of organic compound sample extraction is
performed with ethanol as the solvent. In some embodiments, the heating is performed at high

temperature under sealed conditions.

[0018] The method of sample extraction facilitaies operation by personnel with limited or no

chemical background since a non-toxic solvent, such as ethancl, may be used.

[0019] Therefore, there is provided, in combination, a sample extraction apparatus, a organic
compound detection and/or a detection apparatus for detection of a target organic compound

in a sample, as disclosed herein.

[0020] The use in combination of a novel extraction device, a detection apparatus, and
solvatochromic MIF capture reagents disclosed herein faciiitates solvatochromic MIP capture
reagents disclosed herein facilitales rapid screening tests while achieving a reasonably high
sansitivity and accuracy, for example,40-100 ppm with solid or liquid material samples. As an
gxample, sampie exiraction can be done 4-8 times faster than sample exiraction using
conventional pre-chemical (extraction) processes, the MIP reagent lest can take less than one
minute to perform qualitative analysis and less than 3 minutes to perform quantitative analysis
under UV optical sensing. Furthermore, as different MIP capiure reagents function or operate
independently o capture different targst organic analyies, interference and instability such as
those which weould occur in FTIR is mitigated and barriers in the application of anti-body for

alcohol, milk or liquid samples can be miligated.

[0021] As solvatochromic MiP capture reagents are low-cost chemosensing agents which are
stable and therefore more suitable for long term storage, for example due {0 iis inert
polyacryiate material, and which can achieve a higher detection sensitivity, using
solvatochromic MiP capture reagenis o detect quantifatively and/or guaniitatively organic
compounds such as phthalates and plasticizers provides a useful alternative {o rapid material

testing.

Figures

[0022] The disclosure will be described by way of example with reference to the

accompanying Figures, in which:

Figure 1 is a schematic diagram depicting an example detection arrangement with a sample

carrier in operational position,
Figure 2 is a schematic diagram depicting an example detection apparatus,

Figure 3 is a schematic diagram of an example card-shaped detector,
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Figure 4A-4J are curves showing example solvatochromic light emission properties of

analytes having different target analyte concentrations,

Figures 5A and 5B show graphs of relative light emission intensity and phthalate concentration

of several captured phthalate analytes in ethanol,

Figure 6A is a graph showing correlation between emission light intensity and concentration

of SMIP-DnOP composite analytes,
Figure 6B is an example calibration curve of a detection apparatus,
Figure 7 is a schematic diagram depicting an example detector,

Figure 8 is a schematic diagram of an example optical arrangement to cooperate with the

detector of Figure 7 to perform solvatochromic optical measurements,

Figure 9 is a schematic diagram of a detection apparatus to cooperate with the detector of

Figure 7 and optical arrangement of Figure 8,
Figure 10 is a schematic diagram depicting an example detector,

Figure 11 is a schematic diagram of an example optical arrangement to cooperate with the

detector of Figure 10 to perform solvatochromic optical measurements,

Figure 12 is a schematic diagram of a detection apparatus to cooperate with the detector of

Figure 10 and optical arrangement of Figure 11,

Figure 13 is a schematic diagram of an example detector and an example optical arrangement

to cooperate with the detector of Figure 10 to perform solvatochromic optical measurements,

Figure 14 is a schematic diagram of a detection apparatus to cooperate with the detector of

Figure 13,
Figure 15 is a schematic diagram of a sample collection apparatus,

Figure 15a is a schematic diagram depicting example operation of a sample collection

apparatus,
Figure 16a is a schematic diagram showing part of a sample extraction container, and

Figure 16b is a schematic diagram showing a sample extraction container.

Description

[0023] An example detection arrangement 10 comprises an optical compartment 12, a sample
receptacle defining a sample compartment 14, an oplical arrangement 16 and evaluation
circuitry 18, as depicted in Figure 1. The optlical arrangement comprises an oplical scurce 18a

and an optical receiver 16 which is connecied to a optical sensing head 18¢, as depicted in
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Figure 2. The optical source 18a is arranged to transmit an optical source signal towards a
sample or a plurality of samples carmried on g sample carrier and received inside the sample
compariment 14 during sample examination opergtions and the oplical receiver 16b is
arranged to receive and detect an optical response signal or oplical response signals coming
from the sample in response to the optical source signal impinging on the sample. To facililate
detection of optical response signals, the optical receiver includes an optical sensor head 16¢
and signal processing circuitry, for example, a microprocessor based signal processing
circuitry, for processing output of the optical sensor head 16¢. The signal processing circuitry
may include an output for culputting processed signals and data storage devices for storing

recorded output spectrum and analyses data.

[0024] The sample compartment 14 is arranged to receive and hold a sample carrier, for
exampie, in a closely fitted manner, during sample examination operations. A sample carrier
fodture may be formed inside the sample compariment o releasabily hold the sample carrier at
a predeterminad examination position inside the sample compariment. The sample carrier
defines a sample receplacie and is arranged so that whan a sample carrier is being held at
the predetermined detection position during sample examination operations, the optical
source signal emitted from the optical source 18a will impinge on the sample or samples
carried on the sample carrier and the optical response signal will be forwarded to the oplical
sansor 18¢ in response to the oplical source signal encountering the sample or samples
carried on the sample carrier. The optical sensor 18¢ will generale an output signal when the
optical response signal reaches the optical sensor 16¢ during sample examination operations,
and the signal processing circuitry of the optical receiver 168 will then genserate processed
output 1o the evaluation circuitry in response 1o the detection of the optical response signal for

further processing and/or evaluation by the evaluation circuitry.

[0025] The evaluation circuitry may comprise a processor and peripheral circuits. The
Drocaessor may comprise a microprocessor or a microcontrolier and the peripheral circuils may
comprise signal processing circuils, decision circuits, inpul/output circuits and data storage
devices such as volatile and non-volatile memories for storing instructions and data. During
sample analysing operations, the processor of the evaluation circuilry is {o evaluale qualitative
and/or quantitative characteristics oplical properties of the received oplical response signal o
determine and outpul qualitative and/or quantitative characteristics of the sample analyie or
sample analytes carried on the sample carnier by execution of stored instructions and with

reference to stored data and/or decision criteria.

[0028] The sample carrier is t© be removed from the sample receplacle after sample

examination has been performead so that another sample carrier can be received for another



10

15

20

25

30

35

WO 2017/130143 PCT/IB2017/050431

sample examination operation {o take place. The sampie fixture may include areleasable latch

for releasably holding the sample carrier in the predetermined examination position.

(00277 An example detection apparatus 100 comprises a main housing 40 and the detection
arrangement 10 which is mounted inside the main housing 40, as depicted in Figure 1. The
main housing 40 is adapted for portable applications and is shaped and dimensioned for
portahility and hand-carried mobility. The detection apparatus 100 may be powersd by a
battery power source inside the main housing or may obtain operational power from an

external source, for example, a DC power supply or through a USE connecior.

[0028] The optical arrangement 18 and the evaluation dircuitry 18 are mounted on a main
printed circuit board 42 and the main printed circuit board 42 is in turn mounied and enclosed
inside the main housing 40. The exampie optical scurce comprises an LED which is mounted
on an upper surface of the main printed circuit board ("PCRE") and has ifs light emilting surface
facing upwards. The optical sensor includes an optical sensor head and an optical sensor
module which supports the optical sensor. Output of the optical sensor module is connected
to a microconiroller, for example, the microprocessor inside the optical receiver. The optical
compariment and the sample recepiacle are both inside the main housing and are defined
between the oplical source and the oplical sensor. The peripheral circuils include a data oulput
port which is mounted on the main printed circuit board. The main housing includes an
aperiure at its rear end sco that an external data connector can be connected {0 the
microcontroller for data delivery. In example embodiments, the peripheral circuits may include
wireless data fransmission arrangements such as a Wikl device so that measurement data
can be ransmitted io external devices such as computers, routers or smart-phones instalied

with appropriate application software.

[0029] In example embodiments, solvatochromic MIP capture reagents for capturing a target
grganic compound or a plurality of target organic compounds are distributed on a sample
carrier, for example, in a matrix form. In example applications, the sample carrier is g sensor
chip in the form of a transparent sample-carrying card 80 having a first major side 623, a
sacond major side 62b and a peripheral side 82¢ interconnecting the first and the second
major sides. The sample-carrying card 80 comprises a card-shaped substrate which may be
made of transparent hard plastics. As depicted in Figure 3, a plurality of sample sites is
deposited on the first major side 82a or the second major side 62b and each sample sile
carries a solvatochromic MIP capiure reagenti. The solvatochromic MIP caplure agents may
be all of different types and may have duplications to provide testing redundancy and sach
sample sile appears as a sample dot on the sampie carrier, as depicied in Figure 3. In some
embodiments, the sensor chip may be for detechion of a specific type of organic compound

and the sample site or sample sites may be deposiled with a single type of solvatochromic
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MIP capture agents. In some embodimentis, the sample sites may carry other types of

chemosensors without loss of generality.

[GO30] So that the card-shaped sample carrier can be held firmly in an analyte examination
position for proper sample examination, the sample recepiacle may comprise a sample card
holding fixture. The sample card holding fixdture may inciude a mouniing fixture which is
mounted on the main printed circuit board and arranged to firmly hold the samplie-carrying
card at an examination position when the sample carrier is inserted into the main housing
through the sample carrier receiving slot or aperture. When the sample-carrying card is at the
examination position, the source LED light will be underneath the sample-carrying card to
proiect a source optical signal towards target locations on the sample-carrying card where
samples containing capitured analytes in the form of sobvatochromic molecularly imprinted
polymers (“SMIF") bound with corresponding matched target analyte as composite analyies

are heid.

[0031] So that the sample-carrying card can move into the examination position from outside
the detection apparatus, a sampie carrier receiving slot or aperture is formed on a front end of
the main housing o corespond o the location of the sample receptacie to provide an entrance
to the sample recepiacie inside the optlical compariment. The optical sensor head is above
the sampile receptacie for receiving optical response signal coming from the upper surface of

the sample-carrying card.

[0032] When the sample-carrying card 80 is received inside the main housing 40 and held by
the mounting fixdure, the sample-carrying card 60 exiends along a iongitudina! direction X and
is heid intermediate the optical source 18a and the oplical sensor 16¢, with its upper surface
facing the optical sensor 16¢ and its lower surface facing the optical source 16a. The optical
source 18a is arranged to emit an optical source signal towards the lower major side of the
sample-carrying card 80 and at a first angle « io the longitudinal direction. The oplical
response signal is to emergs from the upper maijor side of the sample-carrying card and the
optical sensor 16¢ is arranged for collecting a response optical signal which is {o travel from
the target location at & second angle B to the longiludinal direclion. In the example
arrangement of Figure 2, the response oplical signal travels at right angle to direction of the
optical source signal. The sample-carrying card having a substrate is made of a transparent
or transiucent plastic material so that the optical source signal after impinging on the underside
of the sample-carrying card at the first angle o will emerge at the top side of the sample carrier

card at the second angle B and towards the optical sensor.
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[G033] In some embodiments, the sample carrier is a test lube or other transparent container
and the sample receptacle will be correspondingly shaped and adapted for its reception so

that due examination can be performed.

[0034] In example embodiments, the optical source 18a is amranged o emit an optical
excitation signal of a first frequency towards samples carried on a sample carrier and the
optical receiver 18b is arranged to detect a target optical response signal that is characteristic
of the farget analyte when subject {o excitation llumination by the target optical excitation

signal.

[0035] Solvatochromism and molecular imprinting technique are utilized in combination to
facilitate qualitative and/or quantitative detection of organic compounds hersin. Organic
compounds having the example functional groups listed in Tables 1A-1H are suitable for
solvatorchromic capturing by corresponding SMiFs. While the example functional groups are
those of phthalates or phthalate-based plasticizers, the detection methods, techniques and
appliances herein are applicable to organic compounds having other functional groups without
loss of generality. A molecularly imprinted polymer ('MIP") having a receptor site that is
suitabie for capturing a target organic compounds and a solvatochromic functional group that
changes colour and/or flucresceance properties upon capture of the target organic compounds

is devised as a “solvafochromic MIP probe” or "SMIP probe” in short,

[0038] A molecularly imprinted polymer ("MIP") is a polymer that has been processed using
the molecular imprinting technique (o devise a receptor site that is affinitive or complementary
to the target organic compounds. Solvatechromism is the ability of a chemical substance to
change color due to a change in media polarity. The design and selection of a MIP probe
comprising an effective template and a solvatochromic monomer suitable for capturing a target
analyte with selected or preferred solvatochromic properties has been discussed in US Patent
no. US 8338, 553; the article entitled "How 1o find effective functional monomers for effective
molecularly imprinted polymers?”, Advanced Drug Delivery Reviews 57 (2005) 1795-1808,
and “Optimization, evaluation, and characlerization of molecularly imprinied polymers”,
Advanced Drug Delivery Reviews 57 (20058) 1772-1794, all of which are incorporated herein

by reference.

[C037] An SMIP herein comprises a solvatochromic functional monomer which is
incorporated as a reporier sile within @ molecularly imprinted polymer. The solvatochromic
functional monomer has a characteristic media polarity and the media polarity changes when
a target analyte matched with the solvatochromic funclional monomer enters info the reporter
site of the molecularly imprinted polymer. As a solvatochromic functional monomer is highly

sansitive to the change of the media polarity of receptor micro-environment, the displacing of
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solvent molecules originally occupying the recepior site by an analyte having a maiched
solvatochromic funchonal monomer on entering into the reporter site will bring about a
significant change in color and/or luminescent properiies of the solvatochromic functional
monomer, and the changes can be detected by naked eyes or by spectrum measurement. As
intermolecular interaction between a fargs! analytes and the functional monomer is not
required in forming a solvatochromic composite, analyles lacking the ability of intermolecular

interaction can be detected by SMIF chemosensing approach.

[00338] By devising a molecularly imprinted polymer having a solvatochromic receptor site
which incorporates a sclvatochromic functional group that is affinitive or complementary to a
target organic compound, the change in colour and/or changs in fluorescence properties when
the target organic compound is caplurad, is noted and utilized to facilitate qualitative and/or
quantitative determingtion of the presence of a target analyle comprising an organic

compound.

[0039] Therefore, solvatochromic molecularly imprinted polymers ("SMIF") suitable for
capture of grganic compound and having a solvatochromic functional monomer that changes
colour and/or changes flucrescence properties when the target organic compound is captured
are utilized as solvalochromic prebes for detection of organic compounds. For example, by
fabricating a molecularly imprinted polymer based solvatochromic chemosensor having one
of more than one receptor site that is affinitive or complementary {0 the functional group listed
in Table 1A-1H, the solvatochromic functional monomer of the moleculary imprinted polymer
based solvatochromic chemosensors will change colour and/or its fluorescence properties
when an organic compound having the one or more than one functional group listed in Table
1A-1H Is recognized or recognized upon capturing, gualitative and/or gquaniilative

determination of the organic compound can be performed.

[0040] In example embodiments where a molecularly imprinted polymer is designed
specifically {o recognize or capture a target phthalate or a target phthalate-based plasticizer
and having at least one sclvatochromic functional group, which changes colour and/or
fluorescence properties when the target phthalate or the {arget phthalate-based plasticizer is

captured. Such a probe s referred herein as "SMIP plasticizer probes” hersin.

[C041] Specific binding constants, non-specific binding constants, and density of imprinted
binding sites belwesen various exampie SMiIPs and their corresponding target organic
compounds as oblained from experimental resulis and Scalchard analyses are fabulated in
Table 2 below:-

10
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Phthalate Specific binding Non-specific Density of imprinted
constant / M- binding constant/ | binding sites / mmol g™'-
M-1 MIP
DMP 1.10 x 10° 2.08 x 10° 0.11
DEP 1.20 x 10° 2.37 x 10° 0.21
DBP 1.10 x 10° 5.99 x 10° 0.22
DNOP 9.40 x 10* 6.74 x 10° 0.13
DIDP 1.20 x 10° 3.24 x 10° 0.21
DEHP 1.14 x 10° 8.33 x 10° 0.20
DNHP 9.10 x 104 0.63 x 10° 0.25
DINP 1.60 x 10° 0.52 x 10° 0.17
BBP 1.20 x 10° 5.94 x 10° 0.22
Table 2

[0042] An exampie solvatochromic functional monomer which is suilable for forming &
solvatochromic chromophore inside a recepior site for example application of plasticizer

detection has the structure below:

[0043] In an aspect, the delection arrangement 10 is arranged to examineg solvatochromic
properties of sample analytes in order to delermine presence of a largel analvie or target

analytes in a sample qualitatively and/or quantitatively.

[0044] In some embodiments, the processor is to determine concentration of a target analyle
or target analytes in the sample according to detected solvatochromic properties exhibited by

the target analytes when subject to the optical excitation signal.

[CO45] Solvatoechromic characteristics of various example composite anaiytes of phthalates
when subject to an excitation light are depicted in Figures 4A to 4J. Each type of phihalate
composite is a composite analyle comprising an example target phthalate captured by an
gxample SMIP probe which is designated for capturing the target phthalate. In the Figures,
the verlical axis or Y-axdis represents oulpul light intensity and is in intensity unils, the

horizontal axis or X-axis represents output light wavelengths and is in wavelength units in nm,

11
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and the example excitation light is at 400nm. [t will be apparent from Figures 4A to 4J that the
intensity of the output light, and more particularly, the peak intensity of the output light,

changes with changes in the concentration of the composiie analyles.

[0048] Referring to Figure 4A the example SMIP probe is devised for capturing DnOP (Di(n-
octyhy phihalate, CeHJCOO(CH}»CHal:, molecular weight=380.58, CAS no.=117-84-0) in
gthanol and the curves show intensity of emitied light of different wavelengths in nanomester
{nm) at different concentrations of the composite analyte (DnOP+EMIP). It is noted that the
emitted light has wavelengths of between 425nm and 745nm and of different intensities when
subject to excitation by an excilation oplical signal having a wavelength in the ultra-violet (UV)

region, for example a wavelength of 400nm.

[0047] Referring to Figure 44, the highest curve corresponds to light intensity characteristics
of a target analvte having a target composite analyie concentration of 2, 000ppm, the second
highest curve corresponds to light intensity characteristics of g target anaiyle having a target
compaosite analyte concentration of 1,500ppm, the third highest curve corresponds to light
intensity characteristics of a target analyte having a target compaosite analyle concentration of
1000 ppm, the fourth highest curve corresponds to light intensity characteristics of a {argst
analyte having a target composite analyte concentration of 700 ppm, the fifth highest curve
corresponds to 500 ppm etc., and the lowest curve is al zero composiie analyte concentration

{0.00 ppny).

[0048] It is noted from the curves of Figure 4A that the peak lighi emission intensity of the
example target analyte abwvays cccurs at or around 500nm and the peak intensity of the emitled
light generally increases with increasing conceniration {or decreases with decreasing
concentration) of the target composite analvie. The peak light emission frequency and the light
emission specirum may be considered as a characteristic parameter of the solvatochromic
functional monomer of the SMIP and is selectable when designing the SMIP without loss of
generality. Vhen the composite analyie in solution is iHluminated by UV light, a sclution having
a higher analyte concentration will exhibit a stronger fluorescence and vice versa, and
fluorescence or luminance strength/ intensity can be used o determine concentration. The
fluorescence or luminance strength/ intensity can be measured, for example, by a

fiuorescence spectrometer.

[C049] Similar  solvatochromic  characteristics and trends are observed in other
SMiP+phthalate or SMIP+phihalate-based plasticizer composites. A similar trend or behaviour
of solvatochromic characteristics that the peak intensity of the emitted light occurs at a
relatively constant wavelength and the peak infensity generally increases with increased

concentration of the target composite analyte is cbhserved on other phthalates or phthalate-
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based plasticizers such as DINP, DnOR-T, DMP, DEP, DEHF, BBP, DEP and other phthalates
of table 3.

[0050] Figure 4B shows various intensily curves which are similar to that of Figure 44, but in
respect of DMP (Dimethyl phthalate), and with 2mg of SMIP chemosensors loaded in 3mi of
sthanol. The descriptions relating o Figure 4A are incorporaled herein by reference unless
the context requires otherwise. The curves correspond 1o example concentrations of DMP at
COppm, Sppm, 10ppm, 20ppm, 30ppm, 50ppm, 70ppm, 10Cppm, 150ppm, 200ppm, 300ppm,
500ppm, 700ppm, 1000ppm, 1500pom, and 2000ppm, with the highest curve corresponding

to light intensity characteristics of a target analyte when the concentration of DMP is 2,000ppm.

[G051] Figure 4C shows various intensity curves which are similar to that of Figures 4A and
4B, but in respect of DER (Diethyl phthalate), and with 2mg of SMIP chemosensors loaded in
3mi of ethanol. The descriptions relating 1o Figures 4A and 4B are incorporated mutatlis
mutandis herein by reference unless the contex! requires otherwise. The curves correspond
to example concenirations of the phthalate between Qppm and 1000ppm, with corresponding
concentration shown on a side of the curves, and with the highest curve corresponding to light

intensity characteristics of a target analyte when the concentration of DEP is at 1,000ppm.

[0052] Figure 4D shows various intensity curves which are similar to that of Figures 4A and
48, but in respect of DBP (Dibutyl phthalate), and with 2mg of SMIP chemosensors loaded in
3mit of ethanol. The descriptions relating o Figures 4A and 4B are incorporaled mutatis
mutandis herein by reference unless the contaxt requires otherwise. The curves correspond
to example concentrations of the phthalate between Oppm and 1000ppm, with corresponding
concentration shown on a side of the curves, and with the highest curve corresponding to light
intensity characteristics of a target analyte when the concentration of DBPR is at 1,000ppn.
Figure 4E shows various intensity curves which are similar lo that of Figures 4A and 4B, but
in respect of DNOP (Dioctyl phthalate}, and with 2mg of SMIP chemosensors loaded in 3mi of
gthanol. The descriptions relating o Figures 4A and 4B are incorperated mutatis mutandis
herein by reference unless the contexi requires otherwise. The curves correspond to example
concentrations of the phthalate between Oppm and 2000ppm, with comresponding
concentration shown on a side of the curves, and with the highest curve corresponding to light

intensity characteristics of a target analyte when the concentration of DBF is at 2,600ppm.

[0053] Figure 4F shows various intensity curves which are similar to that of Figures 4A and
48, butin respect of DIDP (Diisodecyl phthalate), and with 2mg of SMIP chemosensors loaded
in 3mi of ethanol. The descriplions relating to Figures 44 and 4B are incorporated mutatis
mutandis herein by reference uniess the context requires otherwise. The curves comrespond

to example concentrations of the phthalate between Oppm and 2000ppm, with corresponding
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concentration shown on a side of the curves, and with the highest curve corresponding to light

intensity characteristics of a target analyte when the concentration of DBF is at 2,600ppm.

[0054) Figure 4G shows various intensity curves which are similar to that of Figures 4A and
48, butin respect of DEHP (Di (2-ethylhexyl) phthalate), and with 2mg of SMIF chemosensors
loaded in 3mi of ethanol. The descriptions relating to Figures 4A and 4B are incorporated
mutatis mutandis herein by reference uniess the context requires otherwise. The curves
correspond to example concentragtions of the phthalate between Cppm and 2mM, with
corresponding concentration shown on a side of the curves, and with the highest curve
corresponding o light intensity characleristics of a targst analvie when the concentration of
DBR is at 2mM.

[0055] Figure 4H shows various intensity curves which are similar to that of Figures 4A and
48, butin respect of DNHP (Dihexyl phthalate), and with 2mg of SMIP chemosensors loaded
in 3ml of ethanol. The descriplions relaling to Figures 4A and 4B are incorporated mutatis
mutandis herein by reference unless the context requires otherwise. The curves comrespond
to example concenirations of the phthalate between Qppm and 2000ppm, with corresponding
concentration shown on a side of the curves, and with the highest curve corresponding fo light

intensity characteristics of a target analyte when the concentration of DBPR is at 2,000ppm.

[0058] Figure 41 shows various intensity curves which are similar to that of Figures 4A and 48,
but in respect of DINP {(Diisonony! phthalate), and with 2mg of SMIP chemosensors loaded in
3mit of ethanol. The descriptions relating to Figures 4A and 4B are incorporated mutatis
mutandis herein by reference unless the context requires otherwise. The curves correspond
to example concentrations of the phthalaie between Qppm and 2000ppm, with corresponding
concentration shown on a side of the curves, and with the highest curve corresponding to light

intensity characteristics of a target analyte when the concentration of DBP is at 2,000ppm.

[0057] Figure 4J shows various intensity curves which are similar o that of Figures 44 and
48, but in respect of BBP (Benzy! bulyl phthalate), and with 2mg of SMIP chemosensors
loaded in 3mi of ethanol. The descriptions relating o Figures 4A and 4B are incorperated
mutatis mutandis herein by reference uniess the context requires otherwise. The curves
correspond o example concentrations of the phthalate between Oppm and 2000ppm, with
corresponding concentration shown on a side of the curves, and with the highest curve
corresponding to light intensity characteristics of a farget analvte when the concentration of
DBPR is at 2,000ppm.

[0058] The relationship between light emission intensily and target composiie analyle
concentrations for different types of SMiP+phthalate or SMiP+phthalate-based plasticizer

compaosites are shown in Figures 5A and 5B
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[0050] Referring to Figures 5A and §B, the targel composite analvles (he
DnOP+BMiPcomposite) in ethanol are subject {o UV light excitation at 400nm, intensity of
fluorescent responsive light at 500nm is measured and set out on the Y-axis and concentration
of the target composite analytes (in ppmy is sat out in the X-axis. The intensity values on the
Y-axis are relative values with the emission infensity at zero concentration taken as unity
reference. As shown in Figures 54 and 58, it is noled that the responsive light emission
intensily increases with increased target composite analvies conceniration in ethanol. Light
intensity is measured, for example, by measurement of photo-current output of the optical
sensor. The data of Figures 5A and 58 are obtained by Inading 2 mg of MIP powder in 3mi of
gthanol and responsive light emission measurements are taken after 16 hours of loading the

target composite analvte in the solvent ethanol.

[0080] In addition to the emission of fluorescent light in response 1o an excitation light, it is
observed that the frequency of the flucrescent responsive light also changes, albeil slightly,
with changes in target composite analyte concentration. As shown in Figure 4A, the entission
light peaks shifts slightly towards increasing or higher wavelength with increasing

concentration.

[0061] Furthermore, visible flucrescence colour changs is also observable by the naked eve
when conceniration of target composite analvte increases from zero. For example, SMIP-
DEHP probe in ethanel changes colour from magenia {o veilow and the fluorescent responsive
fight changes colour from purple 10 cyan when concentration of the target composite analyte,

that is, SMIF-DEHF increases from zero.

[0082] While ethanol is used as an example solvent, it should be appreciated that other
organic solvents such as DME0O, DMF, methanol, ethanol, isc-propancl, THF, acetons,
acetonitrile, dichloromethane, chioroform, sthyl acelale, water, and elc. are also suitable

solvents for carrying SMiF-plasticizer probes.

[C083] The relationships or correlation between responsive light emission intensity and
concentration of the target composite analyvle were studied and utilised o devise schemes

and apparatus for plasticizer detection.

[0084] For example, a portion of the solvaiochromic properties of the target composite
analyte of SMIP-DnOp of Figure 5A in the concentration range of between 0 and 1200 ppm is
shown in Figure 6A. Referring {o Figure 6A, five data points corresponding 1o concentrations
of 200, 400, 600, 800 and 1000 ppm are plolled. The five data points are distributed
subsiantially about a straight line having the equation Y=0.0004X+0.9284 (equation 1), where
Y is intensily ratio (i), X is concentration in ppm, ik is the emission light intensity at

concentration X and i, is the smission Hght intensity at zere concentration. it is noled that the
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data points have a R? (R square) value of 0.9883, where R is the Pearson correlation
coefficient which means that the dala points fit very well with the linear eguation.

Corresponding experimental resuis are tabulated in fable 3 below.

[0065]
Prepared Conc., Intfg:iti] in Intfg:itg in Average Intensity  Ratio Calculated Conc.,
ppm ppm
0 22130300 22079100 22104700 1

200 22370000 22343100 22356550 1.011394 207.4838
400 24061000 24368200 24214600 1.09545 417.6257
600 26263300 26183200 26183200 1.184508 640.2707

Table 4

[0088] Example utilization of the correlation belween optical properties such as fluorescent
light emission intensity and concentration of target comiposite analvies for determination
and/or detection of the presence and/or concentration of phthalates and phthalate-based

plasticizers are described in the present disclosure.

[0067] Referring to Figure 3 for example, a plurality of SMIP probes is deposited on the
transparent plastic card to form a card-shaped SMIP probe carrier or an SMIF detector. The
SMIP probes are distributed at selected probe locations on a matrix of 10 rows and 10 columns.
The probe locations are selected such that adiacent probes are spaced by at least one empty
cell of the matrix to enhance visibility, Each of the SMIP probe is for a specific target analvte.
For example, cell 3,3 is an SMIP probe for capluring BBP (SMIFP_BBP probe), cell 3,7 is an
SMIP probe for capturing DBP (SMiP_DBP probe), cell 5,4 is an SMIF probe for capturing
DEHF (SMIP_DEHP probe), cell 5,8 is an SMIP probe for capturing DnOR (8MIP_DnOP
probe), cell 7.2 is an SMIP probe for capturing DIDP ((SMIP_DIDP probe)), and cell 7.6 is an
SMIP probe for capturing DINP (SMIP_DINP probe). With such a multiple probe carrier, the
presence and concentration of a piurality of different target analvies and their specific types

can be expediently determined using the detection apparatus 100,

[0088] Each of the six selected probe locations is deposited with a predetermined guantily of
the spacific SMIP probe (or reagent) to facilitate guaniitative and/or gualitative measurements.
in the example, each target probe location is square in shape and having an area of 1mm x
1mm and the otality of the targst locations is a probe region 64 delineated in a circular region

having a diameter of 10mmx10mm.
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[0088] To calibrate the detection apparatus 100, calibration samples having selected and
Known target composite analyie concentrations on the sample-carrving card are placed inside
the sample receptacie. Optical measurements are performed and calibration readings are
obtained and storad. The calibration readings are then utilised by the processor (o determine
concentration of actual samples on a subsequently inseried target composite analyle carving
sample carrier. For example, where the calibration data are inside a substantially linear
correlation region similar to that of Figure 8A, a linear relationship similar to equation 1 can be
used to determine conceniration of target composite analvie where the concentration is not at
one of the calibration data points. Where the calibration data are not in a linear region, a best
fit curve may be used for determination of fargset composite analyte where the concentration
is not at one of the calibration data points. The calibration may be taken by measurement of
output currents of the oplical sensor at selected calibration data poinis and accuracy will be
enhanced with an increased number of calibration data points.  In addition, calibration dala
points may be seleclied to be ai, around and/or above selectad concentration limits to provide
gualitative information on whether a threshold limit has been reached, not reached or
exceeded. Afier calibration data of light intensilty versus targel composite anslyte
concentration have been obtsined and siored, the process upon execution of pre-stored
instructions would operate to determine whether concentration of a target composite analyte
or a plurality of target composite analyles is at a specific concentration, below a threshold iimit,
or above a threshold limit without loss of generality. To facilitale guantitative analyses and
calibration, each target probe is to fully react with a predetermined amount or volume of larget
analytes. For example, a target composite analyie of a predetermined weight is dissclvedin a
solvent of a predetermined weight to form a calibration sample of a predetermined
conceniration. For example, calibration samples of 0, 1, 2, 3, 4, 5,6, 7, 8, 8, 10, 20, 40, 60,
80, 100, 200, 400, 800, 800, and 1000 ppm eic., may be used.

[0070] For example, calibration samples having predetermined concentration in a solution of

a predetermined volume, say 3mil, may be used for calibration.

[G071] In evaluation applications, a sample of a determined weight in the predetermined
volume of solution is to react thoroughiy with a specific probe and the processor would then
operate to determing conceniration of a larget composite analyte or a plurality of a target
compaosite analytes according 0 the pre-siored and extrapolaled solvatochromic correlation

between light intensity and concentration.

[0072] During calibration operations, calibration samples carried on a sample-carrying card is
received inside the sample receptacle. When the apparatus is set {0 operate in a calibration
mode, the processor will cause the oplical source to turn on 1o emil a source light (say, at

400nm) towards calibration samples on the sample carrier, and measure intensity of the
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responsive light (say, of 500nm) which is emitied by the calibration sample in response ©
excitation by the source light. By recording intensity of the received responsive lights of the
varicus calibration samples, for example, as represenied by output current of the optical
sensor, calibration data points are obtained and stored in a siorage device such as a non-
volatile memory on the apparatus. The processor will then sexecute stored instructions to
identity a best fit line or a best fit curve according to the calibration data points, and then
establish a correlation belween received responsive light intensity and target composite
analyie concentration. The correlation is then stored for use during evaiuation applications. To
provide specific calibration to specific target locations, a corresponding plurality of oplical
sensors is disposed to recelved light from the correspeonding plurality of specific target

locations without loss of generality.

[0073] With the calibration process, relalionships between concenirations of a target organic
compound and intensity of light at a selected wavelength, selected wavelengths, and/or a
range of wavelengths are established for subsequent use in detection and quantitative
analyses. During the calibration process, the processor will operate 1o correlate the light
intensity measured, concentrations of the target organic compound in the target analyte
solution, and concentrations of the target organic compound in the target material to form and
store a calibration data or curves for subseguent detection use. The intensity of light being
measured in the examples is intensity of light emitted by the target analyte solution inresponse
to the excitation source light in the UV spectrum, and more specificaily, at a selected UV
wavelength, e.g., from 270nm to 420nm, including UV at 280nm, 315nm, 350nm, 385nm or
400nm or any range or ranges betwesn the aforesaid wavelengths. In some embodiments or
in combination, the infensity measurement can Dbe ifransmissivity and/or reflectivity

measurements without ioss of generality.

[0074] During detection mode, a sample-carrying card carrying a plurality of fisld samples is
received inside the sample receptacle. The apparatus is set to operate in g detection mode,
and the processor will operate the oplical source to emit the source light towards the field
samples on the sample carrier, and measure intensity of the responsive light which is emitted
by the field samples in response to excitation by the source light. By correlating the measured
intensity with the measured intensity versus conceniration relgtionships obtained in the
calibration process, the concentration of the farget organic compound in a target material can

be determined.

[0075] To prepare field samples, a predetermined weight of target analvte (say DEHP} is
dissolved in a predetermined weight or volume {say 3mi) of a prescribed solvent (say ethanol).
The solution comprising the target analyte is then applied to the SMIP detector so that the

target analyte is to react thoroughly (say for 30 minutes) with the SMIF probe or probes on the
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SMIP detector. The SMIF detector will be placed inside the sample receplacie of the detection
apparatus after thorough reaction in order to determine concentration of a target analyte {(say

DEHP) through use of a target composiie analyte (say SMIP-DEHP).

[0078] As example calibration curve is shown in Figure 8B. The emission intensity is plotted
against a predetermined concentration of DEHP. An empirical relationship between the
emission infensity and the concentration of DEHP is oblained using linear regression analysis.
The calibration curve provides a simpie and reliable way o calculate the uncertain

conceniration of DEHP from the emission intensity measured.

[0077] An example detector 70 has a sample carrier comprising one microfluidic capiliary
device or a plurality of microfluidic capillary devices as depicted in Figure 7. The sample carrier
is of a cartridge type and comprises a transparent and UV-passing carrier housing having a
base portion 72 extending in 3 longitudinal direction, a first side wall 74a extending upwardly
from a first lateral side of the base portion and a second side wall 74b exiending upwardly
from a second lateral side of the base portion. A fluid inlet 76a and a fluid outlet 76b are defined
on opposite longitudinal ends of the carrier housing. A plurality of microfluidic capiliary devices
gach carrying a specific SMIPF probe is disposed on the carrier housing intermediate the fluid
inlet 768a and the fluid outlet 76b.

[0078] In the example of Figure 7, 3 total of & microfluidic capillary devices each carying a
specific SMIP probe is disposed laterally across the carrier housing so that the capillary
members of the microfluidic capillary devices are subsiantisily parallel to the longitudinal
direction of the carrier housing o facilitate flow of liquid analyle across the microfiuidic capillary
devices in a direction substantially parallel to the longitudinal direclion of the carrier housing.
The microfluidic capillary devices are arranged such that an SMIP_DEHP probe is in abutment
with the second side wall, with an SMIP_DnOP probe next to and in abutment with the
SMIP_DEHP probe, further with an SMIP_DNIP probe next to and in abutment with the
SMIF_DnOF probe, further with an SMIP_BRP probe next to and in abuiment with the
SMIFP_DNIF probe, further with an SMIP_DBP probe next to and in abutment with the
SMIP_BBP probe, and finally with an SMIP_DIDP probe intermediate and in abutment with
the first sidewall 74a and the SMIF_DBP probe. When there is less than the prescribed
number of probes, a probe of a larger width or a probe of the same width plus fillers {o fill up
the lateral space may be used without loss of generalily. The microfluidic capillary devices

comprise nano-scale SMIP net, which is made from polydimethyisiloxane (PDMS).

[C079] In this example, each of the SMIP probe has a width of 1mm, a height of 1mm and a
length of 2 mm, defining a chamber volume of 2mm? for each probe. The entire sample carrier

has a width of 8mm, length of 10mm and a height of Tmm.
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[G0B0] In example use, liquid analyte is 1o enter the microfluidic capillary devices of the
detector at the fluid inlet 78a and at 0.0005 mm® per second and to leave the microfluidic

capillary devices at 0.002 mm® per second.

[0081] With the example detector 70, the oplical arrangement will be amranged as depicled in
Figure 8. As depicted in Figure 8, excitation light sources 88g1, 88a2 are disposed on two
lateral sides of the carrier housing so that excilation light will be projected in a transversal
direction orthogonal {o the longitudinal direction and towards the microfluidic capillary devices.
The optical sensor 16C is disposed above the microfiuidic capillary devices for collection of
response light which is orthogonal to the direclion of llumination of the source lights 88a1,
86a2.

[00B2] The dstection apparatus to cooperale with detecior 70 would include a liguid delivery
arrangement, as depicted in Figure 8. The liquid delivery arrangement comprises a first pump
which is to deliver liquid analytes t0 the inlet of the detector and a second pump which is fo
remove residual liguid from the outlet. Apart from the aforesaid specific modified arrangements,
operation and other description sbove are applicable and the relevant description is
incorporated hersin. During operations, electromagnetic fisld is applied to  attract
superparamagnetic iron oxide (SPIC) nanoparticles materials which are altached to the target
composite analytes and the resulling fluorescence intensity at a wavelength of 480nm to

510rim is measured to determine concentration.

[G083] An example delector 80 comprises a PDMS microfluidic capillary electrophoresis
device, as depictad in Figure 10. Operation and properties of this detector 80 are depicted in
Figure 11, and the delection apparatus {0 cooperate with detector 80 would include a liquid
delivery arrangement, as depicted in Figure 12. Apart from the aforesaid specific modified
arrangements, operation and other description above are applicable and the relevant

description is incorporated herein.

[0084] An sxample detector 80 comprises a fransparent tube for receiving liquid analytes, as
depicted in Figure 13. The corresponding optical arrangement and detection apparatus are
depicied in Figures 13 and 14, Apart from the aforesaid specific modified arrangements,
operation and other description above are applicable and the relevant description is

incorporated herein,

[00B5] An example field sample axiraction apparatus comprising a heating station and a
sample collection device is depicted in Figure 15. The heating station comprises a thermal
block and heating elements for healing the thermal block. The thermal block is made of metal
and one or a plurality of sample receptacles is formed inside the metal block. During

operations, a sample collector containing a sample, for example, a fisld collected sample is
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received and seated inside the sample receptacies and the healing slements will heat up the
collected sample to a prescribed temperature for a prescribed time set by an operalor. The
field collecied sample may be healed at high temperature under sealed conditions for more
expedited and efficient extraction. For example, the coliected sample may be healed at, say
between 180°C and 200° , for say 15-30 mins. in some embodiments, the heating elements

may be processor controlled for better operational control and accuracy.

[0088] In an example sample extraction opergtion, a random sample of a known or
predetermined weight (say 100mg) is taken and placed inside a sample collection container
{say & glass tube) containing a predetermined weight (say 5mg) of solvent (say ethanol} and
subject to heating for target analvte exiraction. The extracied analvie solution can then be

used for analyses.

(00877 In an example sample exiraction operation, a random sample of a known or
predetermined weight (say 100mg) is taken and placed inside a sampile collector. The sample
collector comprises a lower container (which in this example is a glass tube such as a cuvetle
tube having a lightly fitted fluid connecior at it upper end, as depicted in Figure 16a. The
sample collector is sealed by a sealing cap 10 form a “pressure-assisted solvent exiraction
tube”, and the sample containing sample collector is then fransferred to the sampie exiraction
apparatus for heated analyte extraction while sealed so that pressure inside the container will
increase due to hesating. When a plasticizer containing sample is heated under sealed and
pressurized conditions, that is, using "pressure-assisted solvent extraction method”, the rate
of analvie exiraction will be increased. Vhen vaporization of analyle begins {o ocecur, the
sealing cap is removed and an upper conlainer (which in this example is a glass tube such as
a cuvetie tube) having s open end facing the lower container is attached 1© the upper end of
the fluid connector and to the iower container, as depicted in Figure 16b. With continued
heating, target analyles will be fully vaporized and move upwards through a passageway
defined in the connector and deposited at an upper closed end or a peripheral wall adjgcent
the upper closed end of the upper container. The connector is tightly fitted to both the lower
and lower containers and a passageway is formed in the connector so that the lower and
upper containers are fluid communicable only through an aperture on the connector defining

the passage way.

[0088] After a prescribed time, which would be & time (say 1 minute) such that all target
plasticizer analvies are expected io be fully vaporised and deposited into the upper conlainer,
the upper container will be detached from the lower container and the connecior and the upper
corttainer is filled with a predetarmined amount of solvent, say 3mi of ethanol. The exiracted

sample is then ready for qualitative and/or quantiiative analyses as described herein.
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[G0BY] In applications where the sample does not fully move into the upper confainer, the
upper container and/or the lower container will be re-weighted after completion of process {o
determine the aclual amount of target materials that have moved into the upper container {0

prepare for quantiiative analyses.

[0020] with the present sample exiraction arrangement, sampies can be exiracted

expeditiously and substantially hassle free.

[C021] In another example, the extraction method to prepare for qualitalive and quantitative

analysis is as follows:

mixing 5ml ethanol with 100mg sample in lower container or vessel;

- inserting the lower container into a thermally controlled cavity defined in a thermal

block of the sample extraction apparatus,

- fitting a connector to the upper free end of the lower container and then fitting the free

end of the upper container to the connector,

- turning on the sample extraction apparatus to heat the sample inside the lower

container to 140° C for 30 minutes,

- removing the upper container after 30 minutes of heating and turning the upper

container upside down so that its free end is facing upwards, and
- fill the upper container with 3ml of ethanol.

[0082] Where the target analyte is 1o be evaluated while in liguid form, a predetermined weight
(say 20mgq) of SMIF probe is {o be applied fo the solution comprising ethanol and the target
analyte. The resuliant mixture is then subject io gualitative and/or quantitative analysed

according {o the disclosure.

[C093] Wheare the target analyte is 10 be evaluated using a solid state dsetector such as the
detectors 60 and 70 hersin, a predetermined weight of the solution comprising ethancol and

the target analyte will be applied o the solid stale detector.

[0084] Alternatively, the target samples are exdracted by high energy laser direct heating, or

by microwave heating (say, 15 mins).

[0085] VWhile the present disclosure has been described with reference to example and
exanmple embodiments, i should be appreciated thal the example and example embodimenis
are to assist understanding and not meant or intended 10 be restrictive. For example, while
plasticizers such as DINP, DrOP-T, DMP, DEP, DEHP, BBP, DBP are referred to herein, the
present disclosure would apply to other phthalates or phthalate-based plasticizers as set out

in Table 2 and in general without loss of generality.
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Molecular

Phthalate Name Abbreviation |Structural formula weight (g/mol) CAS No.
Dimethyl phthalate  [DMP CsH4(COOCHS); 194.18 131-11-3
Diethyl phthalate DEP CsHa(COOC2Hs), 222.24 84-66-2
Diallyl phthalate DAP CsHa(COOCH,CH=CH2); 246.26 131-17-9
Di-n-propyl phthalate |DPP CsHa[COO(CH32)2CHs]2 250.29 131-16-8
Di-n-butyl phthalate DBP CsHa[COO(CH2)3CHs]2 278.34 84-74-2
Diisobutyl phthalate DIBP CsHa[COOCH2CH(CH3)2]2 278.34 84-69-5
EEKLTZQ"“XV' BCP CH3(CH2)300CCsHaCOOCsH 11 304.38 84-64-0
Di-n-pentyl phthalate |DNPP CsHa[COO(CH2)aCHs]2 306.4 131-18-0
Dicyclohexyl phthalate [DCP CsHa[COOCsH11)2 330.42 84-61-7
Butyl benzyl phthalate |BBP CH3(CH3)300CCsHaCOOCH:CsHs 312.36 85-68-7
Di-n-hexyl phthalate DNHP CsHa[COO(CH2)sCHs]2 334.45 84-75-3
Diisohexyl phthalate DIHxP CsHa[COO(CH2)3CH(CHs)2])2 334.45 146-50-9
Diisoheptyl phthalate |DIHpP CsHa[COO(CH2)aCH(CHs)2])2 362.5 41451-28-9
Butyl decyl phthalate  [BDP CH3(CH2)300CCsHaCOO(CH2)sCHs 362.5 89-19-0
E:](tzr;:lt:t‘ghexy') DEHP, DOP  |CsHa[COOCH:CH(C2Hs)(CH2)3CHs]2 390.56 117-81-7
Di(n-octyl) phthalate |DNOP CsHa[COO(CH2)7CH3]2 390.56 117-84-0
Diisooctyl phthalate DIOP CsHa[COO(CH2)sCH(CHs)2])2 390.56 27554-26-3
Bﬁﬁz‘l’;gdecyl oDP CH3(CH2)700CCsHaCOO(CH2)sCH3 418.61 119-07-3
Diisononyl phthalate  |DINP CsHa[COO(CH2)sCH(CHs)2])2 418.61 28553-12-0
E:](tzr;;;"t‘;y'hepty') DPHP CsHa[COOCH2CH(CH2CH:CH3)(CH2)aCHs]2  |446.66 53306-54-0
Diisodecyl phthalate DIDP CsHa[COO(CH2)7CH(CHs)2])2 446.66 26761-40-0
Diundecyl phthalate DUP CsHa[COO(CH2)10CHs]2 474.72 3648-20-2
Diisoundecyl phthalate |DIUP CsHa[COO(CH2)sCH(CHs)2])2 474.72 85507-79-5
Ditridecyl phthalate  |DTDP CsHa[COO(CH2)12CH3)2 530.82 119-06-2
Diisotridecyl phthalate |DIUP CsHa[COO(CH2)10CH(CH3)2]2 530.82 68515-47-9

Table 3. phthalate and phthalate-based plasticizers

[0088] Further exampies of organic compounds that can be detected according to the present

disclosure, may include, for example, organic functional groups such as phithalate esters, AZQ,

phenol, DOTE (PVC stabilizer), amide, nitrobenzens cosmetic fragrance, phosphate etc. as

shown hersin and below, and other organic compounds in general without loss of generality.
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1. A method of detecting presence and/or determining concentration of a target organic

compound in a sample, the method comprising:

— dissolving a target sample in an organic solvent to obtain a sample solution,

— applying a probing device to the sample solution to form a target analyte, the
probing device comprising a solvatochromic molecularly imprinted polymer or
SMIP, and the SMIP comprising a solvatochromic functional group or a
solvatochromic functional monomer the colour and/or fluorescence properties of
which will change upon coupling or encountering the target organic compound or
when the target organic compound is captured by the SMIP, and

— detecting or determining presence and/or concentration of the target organic
compound with reference to colorimetric, luminescent and/or fluorescent response

of the target analyte.

The method according to Claim 1, wherein the presence and/or concentration of the
target organic compound is determined by applying an excitation optical signal to the
target analyte and by measuring intensity of a responsive optical signal which is emitted
by the target analyte in response, and/or wherein the intensity of the responsive optical
signal being measured is the intensity of a selected wavelength or selected wavelengths,
the selected wavelength being different to the wavelength of the excitation optical signal
and the selected wavelengths comprises wavelengths which are different to the

wavelength of the excitation optical signal.

A detection apparatus for detection of a target organic compound in a sample, wherein
the apparatus comprises a sample receptacle for receiving a target analyte, an optical
arrangement for emitting an excitation optical signal to the target analyte and for
detecting a responsive optical signal which is emitted from the target analyte in response
to the excitation optical signal, and a processor to determine qualitative and/or
gquantitative information of the target organic compound in the sample according to
solvatochromic properties and/or with reference to colorimetric, luminescent and/or
fluorescent response of the target analyte; wherein the target analyte comprises analyte
composites and each analyte composite comprises a probing device and a target
organic compound or at least a characteristic functional group thereof; wherein the
probing device comprises a solvatochromic molecularly imprinted polymer or SMIP, and
the SMIP comprises a solvatochromic functional group or a solvatochromic functional
monomer the colour and/or fluorescence properties of which is to change upon

encountering or coupling with the target organic compound.
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The detection apparatus according to Claim 3, wherein the processor is to determine
concentration of the target organic compound with reference to intensity of the
responsive optical signal at a selected wavelength or selected wavelengths, the selected
wavelength being different to the wavelength of the excitation optical signal and the
selected wavelengths comprises wavelengths which are different to the wavelength of

the excitation optical signal.

The detection apparatus according to claims 3 or 4, wherein the optical arrangement
comprises an optical compartment and the sample receptacle is inside the optical
arrangement, and wherein the optical source is to emit ultra-violet light towards the

sample receptacle during operations.

A sample extraction apparatus for detection of an organic compound, the apparatus
comprising a heating chamber and an enclosed sample container, the enclosed sample
container having a bottom portion and an enclosed upper portion, wherein the heating
chamber is for heating sample on the bottom portion for sample collection at the

enclosed upper portion.

An organic compound sample extraction method to prepare for quantitative or

concentration determination, the method comprising:

— placing a first predetermined weight of a target organic compound containing
sample inside a sample container and closing the sample container to form an
enclosed sample container, the enclosed sample container comprising a bottom
portion, a top portion and an upper portion comprising an intermediate wall
dependent from the top portion;

— heating the bottom portion of the sample container to vaporize the organic
compound to deposit on the top and/or upper portions of the enclosed sample
container when the sample is on the bottom portion of the enclosed sample
container; and

— dissolving the organic compound from the sample container in a second

predetermined amount of a polar organic solvent.

An organic compound sample extraction method according to Claim 7, wherein the polar
organic solvent is ethanol; and/or the heating is performed at high temperature under

sealed conditions.

The detection apparatus, the sample extraction apparatus, the organic compound
sample extraction method or the detection method according to any preceding claim,
wherein the target organic compound is a phthalate or a phthalate-based plasticizer,

and/or comprises one or more than one of the functional groups of Tables 1A-1H, and/or
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having solvatochromic-concentration properties of Figures 4A to 4l; and/or wherein the
target phthalate or the phthalate-based plasticizer is any one of the phthalates identified
in Table 3.

An organic compound detector, wherein the detector comprises a solvatochromic
molecularly imprinted polymer SMIP, the SMIP comprising a solvatochromic functional
group or a solvatochromic functional monomer the colour and/or fluorescence properties

of which is to change upon coupling with or encountering the target organic compound.

The detector according to Claim 10, wherein the molecularly imprinted polymer
comprises a receptor site for selective capture or selective attachment of the target
organic compound and/or wherein the receptor site is for non-covalent interaction with

the target organic compound to perform said selective capture.

The detector according to claims 10 or 11, wherein the molecularly imprinted polymer or
SMIP is held on a solid-state substrate or is in a polar organic solvent; and/or wherein a
plurality of N molecularly imprinted polymers is deposited on a corresponding plurality
of target locations on the solid-state substrate, N being an integer larger than 1; and the
N molecularly imprinted polymers is for detection of a corresponding plurality of N target
organic compounds; and/or wherein the target locations are arranged in an array or a
matrix comprising a plurality of arrays; and/or wherein the solid state substrate is
transparent or translucent; and/or wherein the solid state substrate is in the form of a

card or cartridge; and/or wherein the detector is in the form of a card of cartridge.

The detector according to any one of Claims 10-12, wherein the molecularly imprinted
polymer or SMIP after capture of the target organic compound is to emit a fluorescent
light of a second frequency when excited by a source light of a first frequency different
to the second frequency; and/or wherein the source light is UV light; and/or wherein
intensity of the fluorescent light correlates to concentration of the target organic

compound.

The detector according to any one of Claims 10-13, wherein the molecularly imprinted
polymer or SMIP is for capturing an organic compound comprising one or more than
one functional group as shown in Tables 1A-1H; and/or wherein the molecularly
imprinted polymer is affinitive or complementary to a target phthalate or a phthalate-

based plasticizer.

The detector according to Claim 14, wherein the target phthalate or the phthalate-based

plasticizer comprises the functional group:
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s+ ]

; and/or wherein the target phthalate or the phthalate-based plasticizer is any
one of the phthalates identified in Table 3.

The detector according to any one of Claims 10-15, wherein the molecular imprinted

polymer comprises a solvatochromic functional monomer having the structure:

&
N/

&

A

*
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