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ABSTRACT: Borinic acid block copolymers have been prepared by reversible addition-fragmentation 

chain transfer (RAFT) polymerization and investigated as “smart materials” in sensory applications. 

Taking advantage of the hydrogen bond donating ability of the borinic acid groups, supramolecular 

aggregates of PNIPAM-b-PBA were generated by complexation with P4VP. The P4VP complex showed 

greatly improved fluoride ion detection efficiency relative to the PBA polymer by itself. The block 

copolymer PS-b-PBA was processed into porous films with tunable pore size by drop-casting from THF 

in the presence of trace amounts of water. A microporous polymer film that was deposited on an 

electrode was utilized as a biosensor for acetylthiocholine chloride detection after immobilization of 

acetylcholine esterase. 

 

Introduction 

Boron-containing polymeric materials have gained some 

prominence as new functional materials in recent years.1 For 

example, luminescent triarylborane-functionalized polymers 

have been explored in sensing applications, taking advantage of 

reversible Lewis acid-base interactions with anions and neutral 

Lewis bases that lead to changes in the absorption and emission 

profiles.2 The high affinity and reversible binding of diols and 

polyols of boronic acid and boroxole-functionalized polymers 

has been applied for sugar sensing and other biomedical 

applications.1i, 3 Of particular note is the development of new 

advanced polymeric materials that are able to not only bind to 

sugars at physiological pH, but also take advantage of block 

copolymer self-assembly principles to provide multi-stimulus 

responsive behavior (A-C, Chart 1).3b, 3d, 3j 

 Compared to boronic acid polymers, borinic acid-

functionalized polymers are far less well-developed, in spite of 

their facile synthesis, enhanced Lewis acidity and excellent 

substrate binding capability.4 Recently, we reported that 

poly(styrylphenyl(tri-iso-propylphenyl)-borinic acid) (PBA, 

Chart 1) shows interesting thermo-responsive properties. The 

upper critical solution temperature (UCST) of PBA in DMSO 

increases linearly as the amount of added water increases from 

0 to 2.5% (v/v), making it continuously tunable over a wide 

temperature range from 20 to 100 °C.5 However, other potential 

applications that take advantage of this new class of polymers 

as building blocks for supramolecular assembly and “smart” 

materials have yet to be explored. The development of block 

copolymers with borinic acid functional groups in well-defined 

positions is an important step toward that goal. 

 
Chart 1. Examples of multi-responsive boronic acid block copolymers (A-C) and 

the structure of borinic acid polymer PBA. 

Herein, we describe the synthesis and properties of the first 

borinic acid block copolymers. We report on the self-assembly 

behavior of a block copolymer with PNIPAM and its 

interactions with P4VP as a poly-Lewis base and hydrogen 

bond acceptor. The utility of the resulting composite in fluoride 

anion detection is examined. In addition, the immobilization of 

acetylcholine esterase on a porous film derived from a PS block 

copolymer and its application as a biosensor are demonstrated. 
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Experimental  

 Materials. 1,4-Dioxane and THF were distilled from 

Na/benzophenone prior to use. The azobisisobutyronitrile 

(AIBN) initiator was recrystallized in methanol. Styrene was 

purified by passing it through a neutral alumina column and 

then distilled under reduced pressure. N-isopropyl acrylamide 

(NIPAM) was purified by recrystallization in a 

hexanes/benzene mixture. All other solvents and chemicals 

were used without further purification. The molecular chain 

transfer agents (CTA),6 the PS-CTA7 (Mn, GPC-RI = 8130 g/mol, 

Đ = 1.16 Mn, GPC-MALLS = 9500 g/mol), the borinic acid 

monomer BA,5 and the homopolymer PBA5 were synthesized 

according to literature procedures. 

 Synthesis of PNIPAM-CTA. The PNIPAM-CTA was 

synthesized in analogy to a literature procedure.7 Into a Schlenk 

tube were loaded NIPAM (9.04 g, 80.0 mmol), benzyl 

dithiobenzoate (BDTB) (200 mg, 0.80 mmol), AIBN (26.2 mg, 

0.16 mmol), and 20.0 mL of dioxane ([NIPAM]/[CTA]/[AIBN] 

= 100/1/0.2). After 3 freeze-pump-thaw cycles, the tube was 

immersed in a 70 °C oil bath and the mixture stirred for 24 h. 

The reaction was terminated by placing the tube in liquid 

nitrogen. The polymer was precipitated in a 10-fold volume of 

diethyl ether and then reprecipitated 2 more times from THF 

into diethyl ether. After drying in high vacuum, 3.06 g of 

PNIPAM-CTA were obtained as a pink powder (32% 

conversion). GPC-RI (DMF with 0.2% Bu4NBr): Mn, GPC-RI = 

9630 g/mol, Đ = 1.09, mGPC = 82. 

 Synthesis of PNIPAM-b-PBA. PNIPAM-CTA (72 mg, 7.5 

µmol based on GPC-RI), BA monomer (220 mg, 0.536 mmol), 

and AIBN (0.74 mg, 4.5 µmol) were dissolved in 2.0 mL of 

1,4-dioxane in a Schlenk tube ([BA]/[PNIPAM-CTA]/[AIBN] 

= 72/1/0.6). After 3 freeze-pump-thaw cycles, the Schlenk tube 

was immersed in an 80 °C oil bath and the mixture stirred for 5 

h. The polymerization was quenched by immersing the tube in 

liquid nitrogen. The polymer was precipitated in a 10-fold 

volume of cold hexanes and then reprecipitated 2 more times 

from THF into cold hexanes. After drying in high vacuum, the 

product was obtained as a light pink powder (185 mg, 51% BA 

monomer conversion). 1H NMR (499.895 MHz, CDCl3): δ = 

7.8, 7.5, 7.2~6.2 (overlapped aromatic and amide protons), 5.9 

(B-OH), 4.0 (NHCHMe2), 2.9 (para-CHMe2), 2.7 (ortho-

CHMe2), 2.4~1.4 (overlapped, backbone H), 1.3 (para-

CHMe2), 1.2 (ortho-CHMe2 and NHCHMe2). 
11B NMR 

(160.386 MHz, CDCl3) δ = 43. 13C NMR (125.698 MHz, 

CDCl3): δ = 174.3 (C=O), 150.8, 149.4, 146.4~144.4 (broad), 

144.0, 138.1, 136.0, 135.7, 128.3 (broad), 126.9 (broad), 126.2, 

120.5, 42.7, 41.5, 35.0, 34.5, 24.8 (broad), 24.2, 22.8. GPC-RI 

(DMF with 0.2% Bu4NBr): Mn = 27020 g/mol, Đ = 1.26; mGPC 

= 82; nGPC = 42. The ratio m/n is 1.8 based on 1H NMR 

integration (using peaks at 4.0 ppm and 2.9 ppm as reference). 

 Synthesis of PS-b-PBA. PS-CTA (36 mg, 10 µmol based 

on GPC-RI), BA monomer (164 mg, 0.40 mmol), and AIBN 

(0.2 mg, 1.0 µmol) were dissolved in 0.3 mL of THF in a 

Schlenk tube ([BA]/[PS-CTA]/[AIBN] = 40/1/0.1). After 3 

freeze-pump-thaw cycles, the Schlenk tube was immersed in an 

80 °C oil bath and the mixture stirred for 12 h. The 

polymerization was quenched by placing the tube in liquid 

nitrogen. The mixture was diluted with 3 mL of THF, the 

polymer precipitated in a 10-fold volume of MeOH/H2O (5/1) 

and then reprecipitated 2 more times from THF into 

MeOH/H2O (5/1). After drying in high vacuum, the product 

was obtained as a light pink powder (124 mg, 54% BA 

monomer conversion). 1H NMR (499.895 MHz, CDCl3): δ = 

7.8, 7.5, 7.2~6.2 (overlapped aromatic protons), 5.8 (B-OH), 

2.9 (para-CHMe2), 2.7 (ortho-CHMe2), 2.3~1.3 (overlapped, 

backbone protons), 1.3 (para-CHMe2), 1.2 (ortho-CHMe2. 
11B 

NMR (160.386 MHz, CDCl3) δ = 42 (w1/2 = 2900 Hz). 13C 

NMR (125.698 MHz, CDCl3): δ = 150.3, 149.2, 145.5 (broad), 

143.6, 136.8, 136.6, 136.0, 133.6, 129.0~127.3 (overlapped), 

126.8 (broad), 126.4~125.4 (overlapped), 120.3, 46-40 (PS 

backbone), 35.1, 34.5, 24.8, 24.3. GPC-RI (THF): Mn = 12 200 

g/mol, Đ = 1.29; mGPC = 89; nGPC = 27. The ratio m/n is 3.6 

based on 1H NMR integration (using peaks at 6.8-6.2 ppm and 

2.9 ppm as reference). 

 Porous Film Formation of PS-b-PBA. A solution of block 

copolymer PS-b-PBA was prepared in anhydrous THF (1 

mg/mL) and kept at room temperature overnight. To the 

polymer solution was then added the desired amount of H2O 

with stirring. A film of the polymer was generated by drop 

casting 10 µL of PS-b-PBA solution on a mica plate, followed 

by rapid evaporation under N2 flow. The morphologies were 

characterized by AFM in the tapping mode. 

 Fabrication of Biosensor based on AChE/PS-b-PBA-

Coated Electrode. 10 µL of PS-b-PBA solution (1 mg/mL, 3% 

of H2O in THF (v/v)) were added dropwise on an electrode 

surface, followed by rapid evaporation under N2 flow. The 

electrode was kept as is for about 5 min at room temperature. 

Then 10 µL of PBS buffer (pH = 7.0, 0.1 M) containing 0.01 U 

of acetylcholinesterase (AChE) enzyme solution were spread 

on the modified electrode surface and the electrode was kept at 

4 oC overnight. Finally, the electrode was washed twice with 

PBS buffer and then used further for acetylthiocholine chloride 

(ASChCl) detection. 

Results and discussion 

Synthesis of Borinic Acid Block Copolymers. The borinic acid 

block copolymers PS-b-PBA and PNIPAM-b-PBA were 

synthesized by RAFT polymerization of BA in the presence of 

PS ([BA]/[PS-CTA]/[AIBN] = 40/1/0.1) and PNIPAM 

([BA]/[PNIPAM-CTA]/[AIBN] = 71.5/1/0.6) as macro-CTAs 

(Scheme 1). The resulting block copolymers were isolated as 

light pink powdery solids after reprecipitation into MeOH/H2O 

mixture (PS-b-PBA) or cold hexanes (PNIPAM-b-PBA). The 

products were examined by GPC-RI analysis. Single symmetric 

peaks in the GPC traces are consistent with a well-controlled 

polymerization (Figure 1). The molecular weights of the block 

copolymers are significantly higher than those of the macro-  
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Scheme 1.  Synthesis of borinic acid block copolymers 

 

 
Figure 1.  GPC overlays. (A) PS-CTA (black) and PS-b-PBA (blue) in THF at 1 mL 

min
–1

; (B) PNIPAM-CTA (black) and PNIPAM-b-PBA (blue) in DMF with 0.2% (w/w) 

of Bu4NBr at 0.5 mL min
–1

. 

 

Table 1. Comparison of polymer molecular weight data 

Polymer a Mn, GPC  ĐGPC Mn, 

MALLS  

m, n GPC 
b 

m, n NMR 
c 

PBAn 
d 38500 1.26 e 94 86 

PSm-CTA 8130 1.16 9470 89 89 

PSm-b-PBAn 16880 1.28 20400 89, 27 89, 25 

PNIPAMm-CTA 9630 1.09 e 82 63 

PNIPAMm-b-

PBAn 

27020 1.26 e 82, 42 63, 36 

a m and n refer to the degree of polymerization of the first and second block, 

respectively. b Determined by GPC-MALLS (PSm-b-PBAn) or GPC-RI 

(PNIPAMm-b-PBAn).
 c Based on 1H NMR integration (6.8~6.2 and 2.9 ppm 

for PSm-b-PBAn, 4.0 and 2.9 ppm for PNIPAMm-b-PBAn). 
d Reference 5. e 

Not measured. 

CTA precursors and consistent with the calculated molecular 

weights based on the product yield, confirming successful chain 

extension. The dispersities (Đ) of the homopolymer and block 

copolymers are quite narrow. 

 The well-defined structure of the polymers was further 

confirmed by 1H, 11B and 13C NMR spectroscopy (Figure 2, 

Figure S1-2). The 11B NMR signals of the block copolymers   

 
Figure 2.  Comparison of the 

1
H NMR spectra of monomer BA, homopolymer 

PBA, and block copolymers PS-b-PBA and PNIPAM-b-PBA in CDCl3 

 

 

(~43 ppm) appear at a similar chemical shift as the 

homopolymer and they are all slightly upfield shifted relative to 

the monomer (49 ppm). In the 1H NMR spectra, the borinic 

acid groups are found as broad signals at ca. 5.8 ppm for both 

the monomer and polymers. For PS-b-PBA, the degree of 

polymerization of the PBA block was estimated by comparing 

the integrals of the isopropyl moieties at 2.9 ppm with the PS 

aromatic signals at 6.8~6.2 ppm (minus the PBA contribution) 

and for PNIPAM-b-PBA by comparison of the C-H signals at 

4.0 and 2.9 ppm. The results are consistent with the GPC data 

(Table 1). We conclude that well-defined homo and block 

copolymers with fairly high molecular weights and narrow 

distribution were successfully obtained. 

 Photophysical Properties of Borinic Acid Polymers. The 

polymers show an intense absorption at ca. 280 nm and are 

strongly luminescent in THF solution. In comparison to the 

monomer BA (λF = 345 nm, ΦF = 0.82), the absorptions of the 

polymers are slightly blue shifted and the emissions are 

broadened (Figure S3-5). The quantum yields of ΦF ~0.37 are 

lower than that for the monomer, possibly because of 

bimolecular quenching of neighboring borane chromophores 

along the polymer chain. The photophysical properties are 

summarized in Table 2. 
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Table 2. Photophysical properties of monomer BA and corresponding 

polymers in THF 

Sample λabs (nm) εJ(cm-1 M-1)  λem (nm)a ΦF 

BA b 294 26290 345 0.82 

PBA b 283 28100 c ~330-360 0.37 

PS-b-PBA 280 28080 c ,d ~330-360 0.36 

PNIPAM-b-PBA 282 29750 c ,d ~330-360 0.38 

a All samples were excited at the corresponding λabs. 
b Reference 5. c Molar 

extinction coefficient for the BA repeat unit. d Estimated according to the 

block ratio derived from the 1H NMR integration. 

 

 
Figure 3.  (A) TEM micrograph and (B) size distribution by DLS of PNIPAM-b-PBA 

vesicles formed by self-assembly in water. (C) Photograph of PNIPAM-b-PBA 

vesicles under UV-irradiation (365 nm hand-held UV lamp). 

 Borinic Acid Polymers as Building Blocks for 

Supramolecular Self-Assembly and Anion Detection. We 

first examined the self-assembly behavior of the amphiphilic 

block copolymer PNIPMA-b-PBA in water, where the presence 

of the hydrophobic polystyrene-like backbone of PBA and 

hydrophilic PNIPAM segment are expected to result in 

aggregation. The morphology of the resulting aggregates was 

examined by TEM and DLS. As shown in Figure 3, vesicles 

with a diameter of about 200 nm were observed. Due to the 

softness of the polymeric material, the thin-walled vesicles 

were broken and fused together on the copper grid. DLS 

characterization revealed a size of <Dh> = 173±57 nm. 

 As weak Brønsted acids, borinic acids are also well known 

to reversibly associate with hydrogen bond acceptors.8 Similar 

as in the case of poly(4-hydroxystyrene), which has attracted 

significant research interest as a building block to 

nanostructured materials,9 this behavior provides another 

opportunity to utilize the borinic acid polymers for luminescent 

supramolecular nanostructures and could be advantageous in 

the development of new types of stimuli-responsive or sensory 

materials. Hence, we investigated the co-assembly of the 

borinic acid polymers as H-bond donors with poly(4-

vinylpyridine) (P4VP, Mn = 15200 Da), a well-known H-bond 

acceptor.10 Dichloromethane (DCM) was chosen as a good 

solvent, in which the PBA (co)polymers as well as P4VP are 

molecularly dissolved. Upon slow addition of a P4VP solution 

([Py] = 5 mM in DCM) into a solution of the respective PBA 

polymers ([B-OH] = 1.1 mM in DCM) under stirring, features 

of opalescence due to polymeric colloids appeared once the 

pyridine/B-OH molar ratio reached ~1/10 (Figure S7). DLS 

results for the mixtures of PBA/P4VP, PNIPAM-b-PBA/P4VP 

and PS-b-PBA/P4VP are summarized in Table 3 and displayed 

in Figure 4. The observed particle sizes of the P4VP composites 

are much larger than those of the single polymer chains in 

DCM, confirming the formation of supramolecular aggregates. 

These assemblies remain highly luminescent, similar to the 

PBA homo and block copolymer solutions in the absence of 

P4VP (Figure S7). The proposed mechanism of the H-bonding-

induced supramolecular co-assembly, where pyridine moieties 

act as H-bond acceptors while the borinic acid moieties serve as 

donors, is illustrated in Figure 5. The H-bond formation causes 

a solubility change of the PBA-containing polymers, resulting 

in phase separation of the PBA/P4VP core that is surrounded 

and stabilized by the PS or PNIPAM block in the shell. 

 

Table 3. DLS results for supramolecular micelles with P4VP in DCM. 

Sample Additive  PBA PS-b-PBA  PNIPAM-b-PBA 

<Dh> none 2.0±0.2 2.0±0.3 2.4±0.4 

<Dh>
 P4VP a 531±211 396±156 712±234 

a For P4VP: <Dh> = 2.2±0.3 nm. 

 

 
Figure 4.  DLS size distributions of PBA/P4VP, PNIPAM-b-PBA/P4VP and PS-b-

PBA/P4VP supramolecular micelles, and PBA, PNIPAM-b-PBA, PS-b-PBA and P4VP 

single chains in DCM. 
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Figure 5.  Schematic illustration of proposed H-bonding induced supramolecular 

assembly. D = donor; A = acceptor. 

 We note that as a Lewis base, pyridine can also form Lewis 

acid-base complexes with tricoordinate boranes.1a To confirm 

that the supramolecular co-assembly of the PBA polymers and 

P4VP results from H-bonding rather than Lewis acid-base 

interactions, we acquired the 1H and 11B NMR spectra of a 

mixture of the borinic acid monomer BA and 4-t-butylpyridine 

in CDCl3 (Figure S8). The proton NMR signal of the –OH 

group completely disappeared, which is a sign of H-bonding. 

Meanwhile, the mixture showed an identical 11B NMR signal as 

the monomer by itself, indicating the absence of significant 

Lewis acid/base interactions. We attribute this to the steric 

hindrance of the tri-iso-propylphenyl substituent and electron-

donating nature of the OH group, both of which diminish the 

borane Lewis acidity. 

 
Figure 6.  Changes in transmittance of a PNIPAM-b-PBA/P4VP solution in DCM 

([B-OH] = 1 mM), upon addition of TBAF in DCM ([TBAF] = 10 mM). 

 Although pyridine binding to the borinic acid moieties via 

B-N bond formation is not favorable in PBA, fluoride as a 

smaller and more powerful Lewis base should be able to attack 

the boron atoms. The ability of organoboranes and boronic 

esters to form complexes with fluoride and other small anions 

has been widely exploited for the development of fluoride 

anion sensors.1e, 2a-h, 11 Indeed, for the borinic acid monomer BA, 

addition of a 5-fold excess of tetrabutylammonium fluoride 

(TBAF) resulted in complete conversion of R2BOH to the ionic 

R2BF2
– moiety (Figure S10). Meanwhile, for polymer PBA in 

DMSO ca. 10 equivs of TBAF were required to induce an 

easily detectable change from a turbid to a clear solution. In 

comparison, much improved fluoride ion sensitivity was 

discovered for the supramolecular complex of PNIPAM-b-PBA 

with P4VP, as shown in Figure 6. The block copolymer 

complex was used since it displays better stability than the 

homopolymer complex, due to the stabilizing effect of the 

PNIPAM block. A solution of the PNIPAM-b-PBA/P4VP 

complex showed a transmittance of ~33% in DCM before 

fluoride ion addition. Upon titration with TBAF, the solution 

became gradually more transparent with an increase in 

transmittance from 42% at 0.04, 73% at 0.12, to 98% at 0.22 

equiv TBAF. The low ratio of F–/B = 0.22 required to achieve 

this visual change indicates that the sensitivity of fluoride ion 

detection is greatly enhanced by using the block copolymer 

composite of PNIPAM-b-PBA/P4VP. The greater sensitivity is 

attributed primarily to the more dramatic solubility changes 

upon partial conversion of B(OH) to BF2
– units in the block 

copolymer complex. Enhanced binding in the presence of P4VP 

due to electrostatic effects of quaternized pyridinium moieties 

that favor borate anion formation may also play a role.2h 

 Microporous Films of Borinic Acid Block Copolymer as 

Biosensors. The previously described anion binding 

experiments were performed in solution. To explore the utility 

of borinic acid polymer films for sensing applications, we 

decided to investigate the film forming properties of the block 

copolymer PS-b-PBA. Block copolymers in general have been 

widely used to fabricate thin films with different nano or sub-

micron patterns.12 

 When 10 µL of PS-b-PBA solution (1 mg/mL) in THF 

containing different amounts of H2O were drop-cast on mica, 

AFM characterization revealed the formation of microporous 

films (Figure 7). The size of the pores increased from 87±22, 

135±32, 238±64 to 681±97 nm as the amount of water in the 

THF solution of PS-b-PBA was raised from 0.1%, 0.3%, 1% to 

3%. We hypothesize that water droplets are generated during 

solvent evaporation, which are stabilized by hydrogen bonding 

to the polymer-attached BOH groups, resulting in formation of 
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Figure 7.  AFM micrographs (height) of PS-b-PBA block copolymer films formed 

on mica. [PS-b-PBA] = 1 mg/mL. (A) 0.1% H2O in THF (v/v); (B) 0.3% H2O in THF 

(v/v); (C) 1% H2O in THF (v/v); (D) 3% H2O in THF (v/v). 

cavities in the polymer film that expose the functional groups. 

The pore size is determined by the size of the water droplets, 

which correlates well with the amount of added water. This 

phenomenon appears to be similar to the formation of 

honeycomb film structures (so-called breath figures), which are 

known to develop upon very slow evaporation of solutions of 

amphiphilic polymers in an environment of controlled 

humidity.13 In our case, porous films are formed simply by 

drop-casting and in the absence of humidity. Only a tiny change 

in the water content (from 0.1% to 3%) causes a large change in 

the pore size. 

 The borinic acid-functionalized polymer films thus 

generated should be suitable for immobilization of bioactive 

enzymes containing hydroxyl groups, considering that the BOH 

groups react with alcohols with formation of borinic esters 

(Figure S11, S12) and (molecular) diaryl borinic acid 

compounds have been shown to be bioactive.4 Using a similar 

procedure to the one described above, a PS-b-PBA film was 

generated on a working electrode. The film was treated with 

acetylcholinesterase (AChE) to covalently bind the enzyme to 

the borinic acid sites, which are expected to be located both at 

the surface of the film and in the pores, and subsequently rinsed 

with PBS buffer to remove unbound enzyme. The modified 

film was then used as a biosensor in the detection of 

acetylthiocholine chloride (ASChCl) as the substrate. The 

mechanism of the AChE biosensor is illustrated in Scheme 2, 

where the electrode serves to detect thiocholine formed after 

enzyme-catalyzed acetylthiocholine reaction.14 A clear and 

repeatable electrical signal is apparent upon addition of 

ASChCl (20 µM) and the current shows a linear relationship 

with the ASChCl concentration (Figure 8). The porosity of the 

polymer film is important as it allows for direct contact to the 

electrode surface. For a continuous film without the porous 

structure a poor biosensor response was observed (Figure S13). 

Meanwhile, organophosphorus and carbamate pesticides have 

been widely used in agriculture due to the high efficiency in 

insect control; these pesticides can inhibit AChE efficiently,15 

suggesting potential for residual pesticides detection as well. 

 

 
 

Scheme 2.  Illustration of electrochemical mechanism of acetylcholinesterase 

(AChE) biosensor for acetylthiocholine chloride (ASChCl) substrate detection. 

 

 
Figure 8.  Typical response of PBA biosensor in ASChCl detection. (A) Current-

time curve upon ASChCl stimulation; (B) Current-[ASChCl] dependence. 

Conclusions 

We report the synthesis of well-defined luminescent boronic 

acid block copolymers by RAFT polymerization. Taking 

advantage of the hydrogen bond donor property of the borinic 

acid groups, supramolecular aggregates of the block copolymer 

PNIPAM-b-PBA were generated by complexation with P4VP. 

We demonstrate that the resulting P4VP complexes show 

greatly improved fluoride ion detection efficiency relative to 

the PBA polymer. The block copolymer PS-b-PBA was 

processed into a porous film with tunable pore size by drop-

casting a THF solution in the presence of trace amounts of H2O. 

Upon immobilization of acetylcholine esterase, the resulting 

thin film was applied as an electrochemical biosensor for 

ASChCl substrate detection with some potential ramifications 

for organophosphorus and carbamate pesticides detection. 

Thus, the borinic acid containing polymers hold potential as a 

new type of “smart” materials in the areas of thermo-

responsive, sensory, and supramolecular materials. 
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