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Materials and reagents 

4-Vinylpyridine (4-VP, Alfa Aesar, 96%) was purified by distillation under vacuum. Ethylene 

glycol dimethacrylate (EGDMA, Alfa Aesar, 98%) was washed with an aqueous solution of 

sodium hydroxide (10%) and water, dried with anhydrous magnesium sulfate, and then 

distilled under vacuum. Acetonitrile (Tianjin Concord Technology Co., Ltd., analytical 

reagent (AR)) was refluxed over calcium hydride and then distilled. Copper (I) chloride [CuCl, 

Meryer (Shanghai) Chemical Technology Co., Ltd., 99%] was purified according to the 

literature method [1]. 3-(N-Propyl)triethoxysilane 2-bromo-2-methylpropanamide 

(BIBAPTES) [2], tris(2-(dimethylamino)ethyl)amine (Me6TREN) [3], and 

2-(3-(4-nitrobenzo[c][1,2,5]oxadiazo-7-yl)ureido)ethyl methacrylate (MA-Urea-NBD) [4] 

were prepared following the literature approaches. The polyethylene glycol (PEG) 

macro-ATRP initiator (PEG-Br) was prepared by reacting the monomethoxy-capped PEG 

(MeO-PEG-OH, Mn = 5000 g/mol) and 2-bromoisobutyryl bromide (BIBB) with 

triethylamine as the catalyst according to our previous method and its successful synthesis 

was confirmed by 1H NMR [5]. The artificial urine was prepared by dissolving urea (2.427 g), 

uric acid (0.034 g), creatinine (0.090 g), Na3C6H5O7.2H2O (0.297 g), NaCl (0.634 g), KCl 

(0.450 g), NH4Cl (0.161 g), CaCl2.2H2O (0.089 g), MgSO4.7H2O (0.100 g), NaHCO3 (0.034 

g), NaC2O4 (0.003 g), Na2SO4 (0.258 g), NaH2PO4.H2O (0.100 g), and Na2HPO4 (0.011 g) in 

pure water (200 mL) following a literature method [6]. The obtained artificial urine was 

stored at 4 oC prior to use. The human urine was obtained from a young male volunteer 
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without exposure to toluene and used directly without any pretreatment. Hippuric acid (HA, 

Shanghai Xinbo Chemical Technology Co., Ltd., 98%), 3-methylhippuric acid (3-MHA, 

Shanghai Macklin Biochemical Technology Co., Ltd, ≥98%), 4-aminohippuric acid (4-AHA, 

Shanghai Macklin Biochemical Technology Co., Ltd, 98%), L-tyrosine [Tyr, Shanghai 

Macklin Biochemical Technology Co., Ltd, 99% (biotechnology grade)], 

tetraethylorthosilicate (TEOS, Shanghai Aladdin Bio-Chem Technology Co., LTD, 98%), and 

all the other reagents were commercially available and used as received. The chemical 

structures of some reagents mentioned above are presented in Scheme 1b. 

Synthesis of uniform “living” silica microspheres bearing ATRP-initiating groups (i.e., 

SiO2-Br, entry 1 in Table 1) 

SiO2-Br microspheres were prepared via one-pot sol-gel reaction of TEOS in the presence of 

BIBAPTES (Scheme 1b) following a literature method but with some modification [7]: TEOS 

(2.7 mL) was added dropwise into a mixture of pure water (6.5 mL), ethanol (48.0 mL), and 

an aqueous solution of ammonia (25%) (5.4 mL). The mixed solution was magnetically 

stirred (200 rpm) at 25 °C for 20 min, followed by the dropwise addition of APTES-Br (0.4 g) 

under stirring. The reaction mixture was then stirred at 25 °C for 10 h. The resulting SiO2-Br 

particles were collected by centrifugation, washed thoroughly with distilled water until the 

washing solution became neutral, and then dried at 40 °C under vacuum to a constant weight. 

SiO2-Br microspheres were obtained as a white solid powder in a yield of 25%. 

Spectrofluorimetric tirtation of MA-Urea-NBD with HA 

 

Figure S1. Fluorescence spectra of MA-Urea-NBD (2.5 mM) after its incubation with 

different concentrations of HA in acetonitrile/methanol (3:1 v/v) at 25 oC for 2 h. 

http://dict.cn/biotechnology%20grade
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AFM Characterization 

The morphologies, particle sizes, and size distributions of the samples were characterized 

with a Dimension Icon (Bruker) atomic force microscope (AFM). The AFM tips are 

high-resolution noncontact “OTESPA” AFM probes with a 10 nm typical tip curvature radius. 

SiO2-Br and hydrophilic fluorescent solid HA-MIP/CP (i.e., SiO2@NBD-MIP/CP@PEG) 

dispersed in methanol (0.5 mg/mL) were dropped onto freshly cleaned micas, their 

topographic images were then acquired by the tapping measurement mode of the AFM after 

the samples were evaporated to dryness (Figure 1a-c). The diameters of the particles were 

evaluated from their AFM height profiles. All of the AFM size data reflected the averages of 

200 particles, which were calculated by using the following formulas according to the 

literature (entries 1-3, Table 1) [8]: 

k    k         k     k  

Dn = ΣniDi/Σni;   Dw = ΣniDi
4/ΣniDi

3;   U = Dw/Dn 

i=1  i=1        i=1   i=1  

where Dn is the number-average diameter, Dw the weight-average diameter, U the size 

distribution index, k the total number of the measured particles, Di the diameter of the ith 

particle, and ni the number of particles with a diameter Di. 

The hydrophilic fluorescent hollow HA-MIP/CP (i.e., H@NBD-MIP/CP@PEG) were first 

prepared by dispersing SiO2@NBD-MIP/CP@PEG (0.25 mg/mL) in a mixed solution of  

hydrofluoric acid (HF) aqueous solution (40%) and anhydrous ethanol (1:3 v/v) at 25 °C for 

15 min. The resulting H@NBD-MIP/CP@PEG were collected by centrifugation, washed with 

methanol thrice, and then dropped onto freshly cleaned micas. Their topographic images were 

then acquired by the tapping measurement mode of the AFM after the samples were 

evaporated to dryness (Figure 1d,e). 

Dynamic light scattering (DLS) analyses 

A DLS spectrometer (Zetasizer Nano S90) with a CROSS-PMT detector was also used to 

obtain the sizes and particle dispersion indices (PDIs) of the samples in the distilled water 

(0.05 mg/mL) (entries 1-5, Table 1). The scattered light of a vertically polarized He-Ne laser 

(633 nm) was measured at an angle of 90o at 20 oC. 

http://www.baidu.com/link?url=4eFkT6-9WPY_1N2JYbILfizm1hRnzKqgTuKYIrZHvL6W9nt2hTZCqIovXzbn4W6MrZnRGfbrADKlK8_3-R9pFPBL6edZ8qauHALsijqda3CAqUfWItLrKOFYq5KGqXKt
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FT-IR Characterization 

Fourier transform infrared (FT-IR) spectra of the samples were obtained using a Bruker 

TENSOR II FT-IR spectrometer by using the attenuated total reflectance (ATR) method 

(Figure 2a). 

Static water contact angle measurements 

The static water contact angles of SiO2-Br and SiO2@NBD-MIP/CP@PEG (entries 1-3, Table 

1) were studied as follows: The films of SiO2-Br and SiO2@NBD-MIP/CP@PEG were 

prepared by casting their ultrasonically dispersed suspension solutions in DMF (10 mg/mL) 

on clean glass surfaces. After the solvent was evaporated at ambient temperature overnight 

and the films were dried under vacuum at 40 oC for 2 days, an optical contact angle analyzer 

(Dongguan Shengding Precision Instrument Co., Ltd., China) was used to determine their 

static water contact angles. Three measurements were taken across each sample, with their 

average being used for analysis (entries 1-3, Table 1). 

Aqueous dispersion stability test 

The aqueous dispersion stability of SiO2-Br, SiO2@NBD-MIP/CP@PEG, and 

H@NBD-MIP/CP@PEG (entries 1-5, Table 1) were studied as follows: The samples were 

first ultrasonically dispersed in pure water (2 mg/mL, the concentration of 

H@NBD-MIP/CP@PEG was calculated by using the weight of their solid counterparts before 

etching) and the aqueous suspensions were then allowed to settle down for different times at 

20 °C. Their photographs were taken under the irradiation of both the natural light and 365 

nm UV light (mainly for observing the fluorescence of the aqueous suspensions of 

H@NBD-MIP/CP@PEG because they are fully transparent under the natural light irradiation) 

(Figures 2b and S2). 

Equilibrium and competitive binding experiments with the hydrophilic fluorescent solid 

and hollow HA-MIPs/CPs in different media 

The equilibrium binding properties of the hydrophilic fluorescent solid and hollow 

HA-MIPs/CPs were evaluated by incubating them (2 mg/mL, the concentration of the hollow 

samples was calculated by using the weights of their solid counterparts before etching) with  
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Figure S2. Detailed photographs of the ultrasonically dispersed aqueous mixtures (2.0 mg/mL, 

the concentration of the hollow samples was calculated by using the weights of their solid 

counterparts before etching) after being settled down at 20 oC for 0 h (a1,a2), 6 h (b1,b2), 10 h 

(c1,c2), 16 h (d1,d2), 20 h (e1,e2), 24 h (f1,f2), 30 h (g1,g2), and 34 h (h1,h2), respectively. 

The samples located from left to right in each photograph are pure water, SiO2-Br, 

SiO2@NBD-MIP@PEG, SiO2@NBD-CP@PEG, H@NBD-MIP@PEG, and 

H@NBD-CP@PEG [the photographs of the aqueous mixtures were taken under the 

irradiation of the natural light (a1-h1) and 365 nm UV light (a2-h2)]. 

HA in different media [including the organic solvent (acetonitrile/methanol = 3:1 v/v) and the 

artificial urine] (C0 = 0.01 mM, 0.5 mL) at 25 °C for 8 h, and the amounts of HA bound to 

MIPs/CPs [expressed as B (μmol/g)] were determined by measuring those remaining in the 
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solutions (expressed as F) with high performance liquid chromatography (HPLC, Scientific 

System Inc., USA) in conjunction with a UV-vis detector [i.e., B = (C0 - F)V/W (V is the 

volume of the used HA solution and W is the mass of the used polymer)]. The wavelength 

used for the determination of HA was 254 nm. A mixture of methanol, pure water, and acetic 

acid (25:74.85:0.15 v/v/v) was used as the mobile phase at a flow rate of 1 mL/min. All the 

above (and following) binding analyses were performed in triplicate and the mean values 

were used. 

The competitive binding properties of the hydrophilic fluorescent solid and hollow 

HA-MIPs/CPs were analyzed by incubating them (2 mg/mL, the concentration of the hollow 

samples was calculated by using the weights of their solid counterparts before etching) with a 

mixture of HA and its analogues (including 3-MHA, 4-AHA, and Tyr, Scheme 1b) in both the 

organic solvent (acetonitrile/methanol = 3:1 v/v) and artificial urine (C0 = 0.01 mM, 0.5 mL) 

at 25 °C for 8 h. The amounts of these analytes bound to MIPs/CPs were determined by 

measuring those remaining in the solutions with HPLC, following the similar procedures and 

methods as used in the equilibrium binding experiments. 

Figure S3a,b presents the equilibrium template bindings of the hydrophilic fluorescent solid 

and hollow HA-MIPs/CPs in the organic solvent [acetonitrile/methanol (3:1 v/v)] and 

artificial urine, respectively. Both the solid and hollow HA-MIPs exhibited higher template  

         

Figure S3. Equilibrium bindings of HA on the hydrophilic fluorescent solid and hollow 

HA-MIPs/CPs in their solutions in acetonitrile/methanol (3:1 v/v) (a) and artificial urine (b) at 

25 oC, respectively (C0 HA = 0.01 mM; polymer concentration: 2 mg/mL; the concentration of 

the hollow samples was calculated by using the weights of their solid counterparts before 

etching). 
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binding capacities than their corresponding CPs in both the organic solvent and artificial urine 

(Figure S3), suggesting their presence of imprinted binding sites and their high complex 

aqueous sample-compatibility. Their high complex aqueous sample-compatibility can be 

attributed to their high surface hydrophilicity, as revealed by their low static water contact 

angle (Table 1) and high aqueous dispersion stability (Figures 2b and S2). Note that the 

hollow HA-MIP only showed slightly higher template binding capacity than its solid 

counterpart in the organic solvent (Figure S3a), which might be ascribed to the very thin MIP 

layer of the solid HA-MIP with most of its imprinted binding sites easily accessable. In 

addition, both the hollow HA-MIP and CP showed much higher template binding capacities 

than their solid counterparts in the artificial urine (Figure S3b), which might be due to the 

rather high surface hydrophobicity of the inner surfaces of the hollow HA-MIP/CP 

microparticles in the artificial urine, thus leading to high nonspecific template bindings. It is 

also noteworthy that the hollow HA-MIP showed larger specific template binding (i.e., the 

template binding difference between the MIP and its CP [9]) in the artificial urine than in the 

organic solvent, which might stem from the different inner surfaces of the hollow HA-MIP 

and its CP. 

  Figure S4a,b presents the competitive bindings of the hydrophilic fluorescent solid and 

hollow HA-MIPs/CPs toward HA and its structural analogues [including 3-MHA, 4-AHA, 

and Tyr (Scheme 1b)] in acetonitrile/methanol (3:1 v/v) and artificial urine, respectively, from 

which the “imprinting-induced promotion of binding” (IPB) values of the studied HA-MIPs 

were derived and listed in Table S1. 

IPB is a useful parameter for evaluating the MIPs’ selectivity because the difference in the 

intrinsic nonspecific bindings of MIPs toward different analytes is normalized [10]. IPB can 

be defined by the equation: IPB (%) = [(BMIP − BCP)/BCP] × 100, where BMIP and BCP are the 

equilibrium bindings of the studied MIP and its corresponding CP toward an analyte, 

respectively. The larger the IPB value of the MIP toward the analyte, the better the selectivity 

of the MIP. It can be seen from Table S1 that both the hydrophilic fluorescent solid and 

hollow HA-MIP showed obvious selectivity toward HA in both the organic solvent and 

artificial urine. 
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Figure S4. Competitive bindings of the hydrophilic fluorescent solid and hollow 

HA-MIPs/CPs toward HA, 3-MHA, 4-AHA, and Tyr in their mixed solutions in 

acetonitrile/methanol (3:1 v/v) (a) and artificial urine (b), respectively (C0 HA or 3-MHA or 4-AHA or 

Tyr) = 0.01 mM; polymer concentration: 2 mg/mL; the concentration of the hollow samples 

was calculated by using the weights of their solid counterparts before etching). 

Table S1. Competitive binding properties of the hydrophilic fluorescent solid and hollow 

HA-MIPs/CPs toward HA and its analogues in different media. 

Solvent Analyte 
SiO2@NBD-MIP/CP@PEG H@NBD-MIP/CP@PEG 

BMIP 
a BCP 

a 
IPB 
(%) BMIP 

a BCP 
a 

IPB 
(%) 

Acetonitrile

/methanol 

(3:1 v/v) 

HA 1.02±0.04 0.72±0.04 42 1.13±0.05 0.80±0.06 41 

3-MHA 0.54±0.02 0.48±0.05 13 0.61±0.03 0.54±0.04 13 

4-AHA 0.50±0.05 0.44±0.05 14 0.54±0.05 0.48±0.05 13 

Tyr 0.039±0.007 0.035±0.003 11 0.040±0.004 0.036±0.005 11 

Artificial 

urine 

HA 1.16±0.06 0.83±0.01 40 2.14±0.05 1.62±0.06 32 

3-MHA 0.65±0.04 0.58±0.04 12 1.22±0.01 1.14±0.01 7 

4-AHA 0.54±0.04 0.48±0.04 13 1.01±0.01 0.90±0.04 12 

Tyr 0.042±0.001 0.038±0.001 11 0.075±0.005 0.069±0.005 9 

a BMIP and BCP are the equilibrium binding capacities of the studied MIPs and their CPs toward 

HA and its analogues in their mixed solutions (CHA or 3-MHA or 4-AHA or Tyr = 0.01 mM) in different 

media, which are the same as those shown in Figure S4a,b and have a unit of μmol/g. 

Optosensing properties of the hydrophilic fluorescent solid and hollow HA-MIP/CP 

microparticles 
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Optosensing kinetics of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs in the 

artificial urine 

The optosensing kinetics of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs were 

studied by incubating a certain amount of MIP/CP (0.25 mg/mL, the concentration of the 

hollow samples was calculated by using the weights of their solid counterparts before etching) 

with a HA solution in the artificial urine (20 μM) for different times and their fluorescence 

spectra were recorded for analyses. 

Figures 3a,b and S5a,b present the fluorescence spectra of the hydrophilic fluorescent 

hollow and solid HA-MIPs/CPs after their incubation with a HA solution 25 oC for different 

times in the artificial urine, from which their optosensing kinetics were derived (Figures 3c  

            

 

Figure S5.  (a,b) Fluorescence spectra of the hydrophilic fluorescent solid HA-MIP (a)/CP 

(b) (0.25 mg/mL) after their incubation with a HA solution (20 μM) in the artificial urine at 

25 oC for different times. (c) Optosensing kinetics of the hydrophilic fluorescent solid 

HA-MIP (filled symbol)/CP (open symbol) in a HA solution (20 μM) in the artificial urine at 

25 oC [derived from Figure S5a,b; Ft and F0 in (Ft -F0)/F0 are the fluorescence intensity of the 

NBD unit (at 514 nm) at a time of t and 0, respectively]. 
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and S5c). An obvious increase in the fluorescence intensity at 514 nm was observed for both 

the hydrophilic fluorescent hollow and solid HA-MIPs/CPs after their binding HA in the 

artificial urine. Their fluorescence enhancement [i.e., (F-F0)/F0, where F and F0 are the 

fluorescence intensities of the NBD unit (at 514 nm) in the presence and absence of HA, 

respectively] could reach maximum around 12 and 30 min, respectively (Figures 3c and S5c). 

Spectrofluorimetric titration of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs 

in the artificial urine 

The spectrofluorimetric titration experiments of the hydrophilic fluorescent solid and hollow 

HA-MIPs/CPs in the artificial urine were carried out as follows: the studied HA-MIP or CP 

(0.25 mg/mL, the concentration of the hollow MIP/CP was calculated by using the weight of 

their solid counterparts before their etching) was first dispersed in 1 mL of a series of HA 

solutions in the artificial urine with different concentrations (C = 0, 5, 10, 15, 20, 30, 50, and 

100 μM). After these mixtures were incubated at 25 oC for 2 h, their fluorescence spectra 

were measured (Figures 4a,b and S6a,b). The fluorescence intensities of NBD fluorophores 

around 514 nm were selected for the optosensing analyses. The linear calibration curves were 

obtained for the studied HA-MIPs/CPs by plotting the fluorescence enhancement values [i.e., 

(F-F0)/F0] versus HA concentrations (i.e., fitting the above spectrofluorimetric titration results 

with Stern-Volmer equation). 

Optosensing selectivity of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs 

toward HA in the artificial urine 

The optosensing selectivity of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs 

was studied as follows: the studied HA-MIP or CP (0.25 mg/mL, the concentration of the 

hollow MIP/CP was calculated by using the weight of their solid counterparts before their 

etching) was dispersed in 1 mL of a HA, 3-MHA, 4-AHA, or Tyr solution (CHA, 3-MHA, 4-AHA, or 

Tyr = 20 μM) or a mixed solution of HA (20 μM) with 40 μM of 3-MHA, 4-AHA, or Tyr in 

the artificial urine. After these mixtures were incubated at 25 oC for 2 h, their fluorescence 

spectra were measured, from which the fluorescence enhancement values [i.e., (F-F0)/F0] of 

the studied HA-MIPs and CPs were derived and used for analyses (Figures 5 and S7). 
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Figure S6. (a,b) Fluorescence spectra of the hydrophilic fluorescent solid HA-MIP (a)/CP (b) 

upon their exposure to different concentrations of HA in the artificial urine at 25 oC for 2 h 

(MIP/CP concentration: 0.25 mg/mL). (c) Dependence of the fluorescence enhancement 

[(F-F0)/F0] of the hydrophilic fluorescent solid HA-MIP (filled symbol)/CP (open symbol) on 

the HA concentration (derived from Figure S6a,b). 

       

Figure S7. Fluorescence enhancement of the hydrophilic fluorescent solid HA-MIP (filled 

column)/CP (open column) upon exposure to a HA, 3-MHA, 4-AHA, or Tyr solution (CHA, 

3-MHA, 4-AHA, or Tyr = 20 μM) (a) or to a HA solution (20 μM) in the presence of 40 μM of HA, 

3-MHA, 4-AHA, or Tyr (b) in the artificial urine at 25 oC for 2 h (MIP/CP concentration: 0.25 

mg/mL). 
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Photostability of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs 

The photostability of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs was 

determined by measuring the fluorescence intensity changes of their dispersed mixtures in 

pure water (0.25 mg/mL, the concentration of the hollow HA-MIP/CP was calculated by 

using the weights of their solid counterparts before etching) over time at 25 oC under air 

atmosphere (Figure S8). 

        

Figure S8. The fluorescence intensity changes (around 514 nm) of dispersed mixtures of 

SiO2@NBD-MIP/CP@PEG (a) or H@NBD-MIP/CP@PEG (b) in pure water over time at 

25 °C under air atmosphere (HA-MIP/CP concentration: 0.25 mg/mL, the concentration of the 

hollow HA-MIP/CP was calculated by using the weights of their solid counterparts before 

etching). 

Reusability of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs 

The reusability of the hydrophilic fluorescent solid and hollow HA-MIPs/CPs was assessed 

by measuring the fluorescence intensity changes of their dispersed mixtures in the artificial 

urine after their consecutive HA adsorption-desorption cycles as follows: 0.25 mg of solid or 

hollow HA-MIP/CP (the mass of the hollow HA-MIP/CP was calculated by using the weights 

of their solid counterparts before etching) was first dispersed in 1 mL of the artificial urine, 

and the fluorescence intensity of the mixture was determined. After centrifugating the above 

mixture and removing the supernatant, the resulting MIP/CP was washed with pure water 

thrice and then with methanol twice, followed by drying with argon flowing. The dried 

MIP/CP was then incubated with a HA solution in the artificial urine (20 μM, 1 mL) at 25 oC 

for 1 h, and the fluorescence intensity of the mixture was determined. Afterwards, the above 
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mixture was centrifuged again, the resulting MIP/CP with bound HA was first washed with 

pure water thrice and then thoroughly with methanol and acetic acid (9:1 v/v) until no HA 

was detectable with HPLC in the washing solution. The resulting MIP/CP was then dried with 

argon flowing and the dried MIP/CP was dispersed in 1 mL of the artificial urine. The 

fluorescence intensity of the above mixture was again determined. The above procedure was 

repeated for 10 cycles and the results are presented in Figure S9a,b. 

       

Figure S9. Fluorescence intensity changes (around 514 nm) of SiO2@NBD-MIP/CP@PEG (a) 

or H@NBD-MIP/CP@PEG (b) upon desorption (empty) and adsorption (filled) of HA (20 

μM) in the artificial urine during their 10 regeneration cycles (HA-MIP/CP concentration: 

0.25 mg/mL, the concentration of the hollow HA-MIP/CP was calculated by using the 

weights of their solid counterparts before etching). 

Optosensing assay of HA in the undiluted human urine with the hydrophilic fluorescent 

hollow HA-MIP 

The optosensing assay of HA in the undiluted human urine with hydrophilic fluorescent 

hollow HA-MIP was carried out as follows: 

1) The calibration curve for the optosensing of HA was first determined by performing the 

spectrofluorimetric titration experiments of the hydrophilic fluorescent hollow HA-MIP in the 

artificial urine as described in the section “Spectrofluorimetric titration of the hydrophilic 

fluorescent solid and hollow HA-MIPs/CPs in the artificial urine” (Figure 4c). 

2) The optosensing assay of HA in the undiluted human urine was performed by first 

incubating a series of mixtures of the hydrophilic fluorescent hollow HA-MIP (0.25 mg/mL, 

the concentration of the hollow MIP was calculated by using the weight of its solid 
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counterpart before etching) in the undiluted human urine samples (1 mL) with different 

spiking levels of both HA and its mixtures with several analogues at 25 oC for 15 min and 

then measuring their fluorescent spectra. The amounts of HA inside the above-studied 

undiluted human urine samples were readily derived by fitting their fluorescence intensity 

data into the above-obtained linear calibration equation for the hydrophilic fluorescent hollow 

HA-MIP (Table 2). 

Table S2. Performance comparison of our hydrophilic fluorescent hollow HA-MIP optosensor 

with other previously reported MIP-based detection systems for HA. 

Analytical method a Sample Linear range LOD Recovery 

(%) 

RSD  

(%) 

Ref. 

Solid-phase extraction 
(SPE)/HPLC-UV 

Human urine  
(filtered through  

Whatman paper No. 42) 

0.3-7500 μg/L 
(0.0017-41.86 μM) 

0.15 μg/L 
(0.84 nM) 

88.0-104.0 < 6.1 [11] 

 SPE/LC-MS/MS Human urine (filtered  
through a 0.22 μm  
PTFE membrane) 

0.5-10000 μg/L 
(0.0028-55.81 µM) 

89 ng/L 
(0.50 nM) 

91.4-109.1 6.4-9.6 
(intra-day) 

9.2-11.5 
(inter-day) 

[12] 

SPE/micellar 
electrokinetic 

chromatography 
(MEKC) 

Human urine 
(without pretreatment) 

0.5-5.0 g/L 
(2.79-27.91 mM) 

0.15 g/L  
(0.84 mM) 

- < 16 [13] 

Micro-extraction by 
packed sorbent 

(MEPS)/LC-MS/MS 

Plasma and urine 
(pretreated to  

remove proteins with  
acetonitrile) 

1-1000 nM 0.3 nM 

 

91-96 1.1-7.1 [14] 

Hollow fiber based 
liquid-phase 

microextraction/ 
LC-MS/MS 

Human plasma and  
urine [pretreated to  

remove proteins with 
25 mM ammonium  

acetate (pH 5.0)] 

1-2000 nM 0.3 nM 97-104 1.2-4.1 [15] 

Electrochemical 
sensing 

Human serum  
(pretreated to remove 

proteins with methanol) 
and diluted human urine 

0.05-40 nM and 

40-500 nM 

0.012 nM 96.0-105.0 1.2-3.2 [16] 

Direct fluorescent 
optosensing 

Human urine 
(without any  
pretreatment) 

0-20 µM 0.097 µM 96.0-102.0 0.6-4.0 This  
work 

a SPE separation normally requires four steps (i.e., column condition, sample upload, wash, 

and elution), which is rather time-consuming and tedious. In addition, many SPE parameters 

(e.g., the sample pH, the amount of the sorbent, and the washing and elution solvent volumes) 

also need optimization prior to the sample extraction.  
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