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Fluorescence is the emission of light by a substance that has absorbed light or other 

electromagnetic radiation. Because of its versatility and high sensitivity toward external 

stimuli, fluorescence has been widely used in various sensing applications including the 

sensing of organic vapours. Portable devices can be easily fabricated by integrating suitable 

fluorescent materials with optical fiber sensors without complex circuit design. Considering 

that the mean concentration of organic vapours for the applications of air monitoring and 

explosive detection is very low (below 50 µg/m3), the ideal fluorescent materials should be 

porous so as to pre-concentrate organic vapours through physisorption to enable high 

detection sensitivity. In addition, 2D nanosheet morphology is preferred for the fluorescent 

materials to be processed into coating or film morphology suitable for device fabrication. 

 

Since the discovery of mechanically-exfoliated graphene, the recent decade has witnessed 

the development of ultrathin two-dimensional (2D) nanomaterials. These 2D materials, 

containing several layers or even a monolayer, exhibit promising properties in chemical 

sensing or biosensing applications. Compared to 3D bulk materials, ultrathin 2D 

nanomaterials possess more accessible active sites on their surface, leading to enhanced 

sensing sensitivities. Although much progress on fluorescent ultrathin 2D nanosheets has 

been achieved, there are still two issues that need to be solved: (1) the fluorescent emission 

(quantum yield) of 2D nanosheets needs to be improved; and (2) the tendency of ultrathin 

2D nanosheets to re-stack into bulk materials needs to be mitigated. Therefore, there 

remains a need for new 2D nanomaterials that can overcome these two problems. 

 

Summary  

 

The disclosure provides new polymers, or porous organic nanosheets (PONs), that exhibit 

fluorescence emission. They may be used to detect explosives (e.g. nitrobenzene). In 

certain cases, the materials disclosed herein may be suitable for use in chemical sensors for 

detection of Fe3+ ions and/or at least one VOC, such as in a chemical sensor for detection of 

acenaphthylene. 

 

Examples of the disclosure will now be described with reference to the following numbered 

clauses. 

 

1. A polymer having a repeating unit according to Formula (I): 
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where the dotted lines relate to the points of attachment to unit G, or salts and solvates 

thereof. 

 

13. The polymer according to Clause 12, wherein the compound of formula (IV) is 

provided as a bulk polymer, optionally wherein the bulk polymer further has one or more of 

the following properties: 

(a) a BET surface area of from 450 to 750 m2 g-1 (e.g. 623 m2 g-1); 

(b) a total pore volume of from 0.5 to 0.9 cm3 g-1 (e.g. 0.69 cm3 g-1); and 

(c) pores having a diameter of from 5 to 17 Å (e.g. 12.6 Å). 

 

14. The polymer according to Clause 12, wherein the compound of formula (IV) is 

provided as a nanosheet, where the nanosheets have from one to four layers (e.g. one 

layer) of the polymer of formula (I), optionally wherein the nanosheets have one or more of 

the following properties: 

(a) a BET surface area of from 150 to 300 m2 g-1 (e.g. 184 m2 g-1 as measured in 

acetonitrile); 

(b) a sheet size of from 2 to 20 µ m (e.g. 4 µm) when measured in an organic 

solvent by dynamic light scattering; and 

(c) a thickness of from 2 to 5 nm (e.g. 3 nm). 

 

15. Preparation of a polymer of formula (IV) as described in any one of Clauses 12 to 14, 

comprising reaction of a compound of formula (VIII): 
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In one aspect, the present disclosure refers to a polymer having a repeating unit according 

to Formula (IV): 

 

 

wherein E represents a central portion of the polymeric repeating unit and is represented by 

formula (V):  

 

where the dotted lines relate to the points of attachment to G; and 

 

wherein each G represents a peripheral portion of the polymeric repeating unit and is 

represented by formula (III): 
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where the dotted lines relate to the points of attachment to unit G, or salts and solvates 

thereof. 

In another aspect, the present disclosure refers to a preparation of a polymer of formula (IV) 

as disclosed herein, comprising reaction of a compound of formula (VIII): 
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where R3 represents halo, with a compound of formula (IX): 
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wherein R4 and R5 independently represent C1-6 alkyl, or R4 and R5 together with the boron 

and oxygen atoms to which they are attached form a 5- to 6- membered ring (e.g. a 5-

membered ring), which latter two groups are unsubstituted or are substituted with from one 

to four substituents (e.g. four) selected from C1-6 alkyl (e.g. methyl). 

In another aspect, the present disclosure refers to a chemical sensor comprising a polymer 

of formula (IV) as disclosed herein, optionally wherein the polymer is provided as a bulk 

polymer or as a nanosheet, where the nanosheets have from one to four layers (e.g. one 

layer) of the polymer. 

In another aspect, the present disclosure refers to a sensor device comprising an optical 

fiber and a polymer of formula (IV), as disclosed herein, optionally wherein the polymer is 

provided as a bulk polymer or as a nanosheet, where the nanosheets have from one to four 

layers (e.g. one layer) of the polymer. 

In another aspect, the present disclosure refers to a method of detecting a volatile organic 

compound and/or an explosive compound and/or a polycyclic aromatic hydrocarbon with a 

chemical sensor as disclosed herein or a sensor device as disclosed herein, wherein the 

sensor is exposed to an analyte and detects volatile organic compounds and/or explosive 

compounds, wherein the sensor detects volatile organic compounds by turn-on fluorescence 

or the sensor detects explosive compounds by turn-off fluorescence in a quantitative manner 

or in a qualitative manner, optionally wherein: 

(a) the at least one volatile organic compound is selected from one or more of the 

group consisting of dichloromethane, chloroform, tetrahydrofuran, n-hexane, cyclohexane, 

benzene, toluene, o-xylene, m-xylene, p-xylene, 1,4-diisopropylbenzene, and aniline; and/or 

  (b) the explosive compound is an organic compound comprising one or more 

nitro groups, such as nitrobenzene, nitromethane, 2-nitrotoluene and 2,4,6-trinitrophenol; 

and/or 

(c) the polycyclic aromatic hydrocarbon is selected from one or more of the group 

consisting of a fullerene (e.g. C60 or, more particularly, C70), acenapthylene, pyrene, 

phenanthrene, fluorene, triphenylene, chrysene, naphthalene, and indene (e.g. the 

polycyclic aromatic hydrocarbon is selected from one or more of the group consisting of a 

fullerene, acenapthylene, pyrene, phenanthrene, fluorene, and triphenylene, such as C70 

and/or acenapthylene and/or pyrene). 

 

Drawings 

 

Figure 1. Design and synthesis of NUS-24 nanosheets. (a) Synthetic route of NUS-24 

bulk powder by Sonogashira-Hagihara coupling reactions. (b) The schematic diagram for the 

exfoliation of NUS-24 from bulk layered material to 2D nanosheets. The phenyl rings not tied 
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into the backbone of the polymeric/oligomeric may act as dynamic TPE rotors whose motion 

is liberated after exfoliation. (c) Theoretical calculations of energy barrier of TPE rotors in the 

constructed models. 

 

Figure 2. Spectroscopic characterization of NUS-24 nanosheets. (a) XPS spectra of 

TPE-1, bulk powder and nanosheets of NUS-24. (b) Raman spectra of bulk powder and 

nanosheets of NUS-24. (c) UV-Vis spectra of TPE linkers, bulk powder and nanosheets of 

NUS-24 in acetone solution. (d) Optical band gaps (Eg) of bulk powder and nanosheets of 

NUS-24 in solid state by diffuse reflectance. (e) Fluorescence emission spectra of TPE 

linkers, bulk powder and nanosheets of NUS-24 in acetone solution (Inset: fluorescence 

photographs of nanosheets solution with different concentrations in acetone. λex = 365 nm). 

(f) CIE coordinates of emission colour of TPE-1, TPE-2, bulk powder and nanosheets of 

NUS-24. (g) The frontier molecular orbital distributions of NUS-24 fragment by DFT 

calculations.  

 

Figure 3. Morphology characterization of NUS-24 nanosheets. (a) Fluorescence 

photograph of NUS-24 bulk powder (Scale bar, 3 mm. λex = 365 nm). Inset of a, 

Corresponding optical photograph (Scale bar, 3 mm). (b) FE-SEM image of NUS-24 bulk 

powder (Scale bar, 10 μm. Scale bar of inset of b, 30 μm). (c,d) d FE-SEM images of NUS-

24 nanosheets deposited on AAO substrate (Scale bar, 500 nm in c and 200 nm in d). The 

circulated rectangular areas indicate the 2D layered structure of NUS-24. (e) TEM image of 

NUS-24 nanosheets (Scale bar, 200 nm). (f) HR-TEM image of NUS-24 nanosheets 

featuring the planar lattice structure (Scale bar, 5 nm. Inset: the lattice distance). (g) The 

Fast Fourier Transformation of f (Scale bar, 5 1/nm). (h) The lattice structure from (660) 

plane of the optimized NUS-24 crystal structure. (i-l) AFM images of NUS-24 nanosheets 

dispersed in acetone (i, j), acetonitrile (k), or ethanol (l) (Scale bar, 10 μm in i and 2 μm in j-l. 

Inset: the height of AFM image for selective area). (m) The statistical height distribution of 

NUS-24 nanosheets based on 322 AFM measurements. (n) The DLS results of NUS-24 

nanosheets in different solutions. (o) The optical photograph of NUS-24 nanosheets in 

acetone solution indicating strong Tyndall effect. (p) The fluorescent photograph of NUS-24 
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wherein each G represents a peripheral portion of the polymeric repeating unit and is 

represented by formula (III): 

 

 

where the dotted lines relate to the points of attachment to unit G, or salts and solvates 

thereof. NUS-25 may be provided in a bulk form or (after exfoliation or similar processing) as 

nanosheets.  The salts and solvates mentioned above for the polymer of formula (IV) may be 

as defined hereinbefore. 

 

It will be appreciated that the polymers of formula (IV) also form a porous organic framework 

(POF). As such, reference to the polymers of formula (IV) herein is also reference to the 

porous organic framework formed by said polymers. 

 

The polymers of formula (IV) disclosed herein may provide an optical band gap of from 2.50 

to 3.10 eV, meaning that they have a semiconductor nature that is capable of fluorescence 

emission. This in turn makes these materials suitable for use as a chemical sensor for 

various applications. The polymers of formula (IV) disclosed herein may have a fluorescence 

emission peak at from around 496 nm to around 508 nm. 

 

As discussed hereinbefore, it is important that a polymer for use in chemical sensing 

maintains a porous nature.  The polymers disclosed herein may have a BET surface area of 

(III)
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Claims 

 

1. A polymer having a repeating unit according to Formula (IV): 

 

 

wherein E represents a central portion of the polymeric repeating unit and is represented by 

formula (V):  

 

where the dotted lines relate to the points of attachment to G; and 

 

wherein each G represents a peripheral portion of the polymeric repeating unit and is 

represented by formula (III): 
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where the dotted lines relate to the points of attachment to unit G, or salts and solvates 

thereof. 

 

2. The polymer according to Claim 1, wherein the compound of formula (IV) is provided 

as a bulk polymer, optionally wherein the bulk polymer further has one or more of the 

following properties: 

(a) a BET surface area of from 450 to 750 m2 g-1 (e.g. 623 m2 g-1); 

(b) a total pore volume of from 0.5 to 0.9 cm3 g-1 (e.g. 0.69 cm3 g-1); and 

(c) pores having a diameter of from 5 to 17 Å (e.g. 12.6 Å). 

 

3. The polymer according to Claim 1, wherein the compound of formula (IV) is provided 

as a nanosheet, where the nanosheets have from one to four layers (e.g. one layer) of the 

polymer of formula (I), optionally wherein the nanosheets have one or more of the following 

properties: 

(a) a BET surface area of from 150 to 300 m2 g-1 (e.g. 184 m2 g-1 as measured in 

acetonitrile); 

(b) a sheet size of from 2 to 20 µ m (e.g. 4 µm) when measured in an organic 

solvent by dynamic light scattering; and 

(c) a thickness of from 2 to 5 nm (e.g. 3 nm). 

 

(III)
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4. Preparation of a polymer of formula (IV) as described in Claim 1, comprising reaction 

of a compound of formula (VIII): 

 

where R3 represents halo, with a compound of formula (IX): 
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wherein R4 and R5 independently represent C1-6 alkyl, or R4 and R5 together with the boron 

and oxygen atoms to which they are attached form a 5- to 6- membered ring (e.g. a 5-

membered ring), which latter two groups are unsubstituted or are substituted with from one 

to four substituents (e.g. four) selected from C1-6 alkyl (e.g. methyl). 

 

5. The preparation of Claim 4, wherein a bulk polymeric form of the polymer of formula 

(IV) is formed using the process of Claim 4 is further exfoliated to provide nanosheets of the 

polymer of formula (IV), where the nanosheets have from one to four layers (e.g. one layer) 

of the polymer of formula (IV). 

 

6. A chemical sensor comprising a polymer of formula (IV) as described in Claim 1, 

optionally wherein the polymer is provided as a bulk polymer or as a nanosheet, where the 

nanosheets have from one to four layers (e.g. one layer) of the polymer. 

 

7. A sensor device comprising an optical fiber and a polymer of formula (IV), as 

described in Claim 1, optionally wherein the polymer is provided as a bulk polymer or as a 

nanosheet, where the nanosheets have from one to four layers (e.g. one layer) of the 

polymer. 

 

8. A method of detecting a volatile organic compound and/or an explosive compound 

and/or a polycyclic aromatic hydrocarbon with a chemical sensor as described in Claim 6 or 

a sensor device as described in Claim 7, wherein the sensor is exposed to an analyte and 

detects volatile organic compounds and/or explosive compounds, wherein the sensor 

detects volatile organic compounds by turn-on fluorescence or the sensor detects explosive 

compounds by turn-off fluorescence in a quantitative manner or in a qualitative manner, 

optionally wherein: 

(a) the at least one volatile organic compound is selected from one or more of the 

group consisting of dichloromethane, chloroform, tetrahydrofuran, n-hexane, cyclohexane, 

benzene, toluene, o-xylene, m-xylene, p-xylene, 1,4-diisopropylbenzene, and aniline; and/or 

  (b) the explosive compound is an organic compound comprising one or more 

nitro groups, such as nitrobenzene, nitromethane, 2-nitrotoluene and 2,4,6-trinitrophenol; 

and/or 

(c) the polycyclic aromatic hydrocarbon is selected from one or more of the group 

consisting of a fullerene (e.g. C60 or, more particularly, C70), acenapthylene, pyrene, 

phenanthrene, fluorene, triphenylene, chrysene, naphthalene, and indene (e.g. the 

polycyclic aromatic hydrocarbon is selected from one or more of the group consisting of a 
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fullerene, acenapthylene, pyrene, phenanthrene, fluorene, and triphenylene, such as C70 

and/or acenapthylene and/or pyrene). 

 




