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Abstract 19 

Perovskite materials have attracted attention due to their excellent optical and electrical properties, 20 

however, their unsatisfactory stability limits their application in biochemical detection. In this paper, 21 

CsPbBr3 perovskite quantum dots were successfully encapsulated in poly (styrene/acrylamide) 22 

microspheres, using a swelling–shrinking method. The manufactured perovskite microspheres (PDPS 23 

composites) not only maintained strong photoluminescence (PL) stability but also demonstrated great 24 

water solubility. Additionally, a real-time pH monitoring platform was constructed based on the prepared 25 

PDPS composites and dopamine, and the system showed a good linear relationship in a pH range of 4-26 

12. Furthermore, urea could be hydrolyzed to produce hydroxyl groups, thereby increasing the pH of the 27 

solution. Therefore, this system was then extended for urea and urease detection. As a result, the detection 28 

limits of urea and urease were recorded as 1.67 μM and 2.1 mU/mL, respectively. This development 29 

provides an interesting demonstration of the expanding list of applications of perovskite materials. 30 

 31 

Abbreviations: PDPS - perovskite microspheres 32 

 33 

KEY WORDS: Perovskite quantum dots, PS-PAA microspheres, pH sensing, Urea/Urease monitoring 34 
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1 Introduction 37 

A material with the chemical formula ABO3 is commonly referred to as perovskite [1]. First 38 

synthesized in 2015 [2], CsPbX3 perovskite quantum dots materials have been extended for a plethora of 39 

wide range of applications due to their fantastic optical properties. These properties mainly include a 40 

very high quantum yield (nearly 100%), tunable emission, and narrow emission width [3-5]. However, 41 

due to their sensitivity to humidity, light, and temperature, the instability of perovskite materials greatly 42 

limits their applications in many fields, especially in biochemical detection [6-8]. Recently, many 43 

researchers have made advances towards the stabilization of perovskite materials [5, 9-13]. Wei et al. [14] 44 

successfully embedded perovskite in polystyrene microspheres for cell imaging applications. However, 45 

the large size of the microsphere limited the detection capabilities in aqueous solutions. Huang et al. [15] 46 

fabricated SiO2 spheres coated perovskite without using water and catalyst, reported that the perovskite 47 

material exhibited greater stability in the presence of light and under aqueous conditions. A limitation of 48 

this method was the poor dispersion of the synthesized microspheres, thus making it unsuitable for 49 

biosensing applications. Hu et al. [16] encapsulated monodisperse perovskite nanoparticles with SiO2 50 

spheres, which significantly improved the stability of perovskite to water, air, and light, but these 51 

microspheres were not water-soluble. Therefore, it is highly desirable to establish a method for the 52 

synthesis of monodisperse, water-soluble, nanosized fluorescent perovskite microspheres. 53 

It is well known that the monitoring of the hydrogen-ion concentration (such as pH) has profound 54 

significance in chemistry, biology, and environmental science fields [17-20]. Additionally, the pathology 55 

of many diseases is also closely related to the changes in pH inside the body. Abnormal pH values in 56 

cells can cause cellular disorder [21]. For example, the pH value of cancer cells is lower than that of 57 

normal cells [22, 23]. Therefore, the accurate and rapid monitoring of pH is of great significance for 58 
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physiological processes. At present, there are many methods to monitor pH value, such as 59 

electrochemical methods, surface-enhanced Raman spectroscopy, and fluorescence assays [24-26]. 60 

Among these methods, fluorescence assays are favored by many researchers owing to its superiority such 61 

as easy operation, rapid detection, low cost, and low interference from other sources. 62 

Urea is mainly used in agriculture because of its high nitrogen content and low costs [27, 28]. In 63 

living organisms, it is produced mainly in the liver, dissolved in the blood, and eventually excreted 64 

through urine [29]. Urea abnormalities are indicative of some diseases, such as kidney failure, liver 65 

failure, and urinary tract obstruction [30, 31]. Therefore, detecting the urea content in urine and blood is 66 

an important means to prevent disease. Urease is a very important enzyme in soil; it can hydrolyze urea 67 

to (NH4)2CO3 or NH4HCO3, and promote the absorption and utilization of crops [32]. Therefore, 68 

developing a fast, simple, and inexpensive method to detect urea and urease is the key problem to be 69 

urgently solved.  70 

In this work, we first used a hot-injection method to prepare CsPbBr3 perovskite quantum dots 71 

(CPQDs). These CPQDs were subsequently embedded in poly (styrene/acrylamide) (PS-PAA) 72 

microspheres using a swelling–shrinking method to successfully obtain water-soluble fluorescent 73 

perovskite microspheres (PDPS composites). Thus, a fluorescent sensing multifunctional system for 74 

monitoring the pH, urea and urease was established based on the prepared PDPS composites. Scheme 1 75 

shows the specific detection principle. The pH detection system was mainly composed of PDPS 76 

composites and dopamine (DA). When the environment was acidic, the system showed strong 77 

fluorescence. However, as pH increased, more DA was oxidized to a quinone structure, leading to 78 

fluorescence quenching of the PDPS composites. Based on this principle, a fluorescent sensor was 79 

constructed to detect urea and urease. In the presence of urease, urea was hydrolyzed to ammonia, thereby 80 
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increasing the pH of the environment, subsequently leading to fluorescence quenching of the PDPS 81 

composites. Consequently, a fast, simple, high selectivity and sensitivity fluorescent probe was 82 

established for the simultaneous detection of pH, urea, and urease. 83 

 84 

Scheme 1. Schematic diagram showing the formation of the PDPS composite fluorescence sensing 85 

platform. (A) CPQDs encapsulated in PS-PAA, (B) pH sensing principle, (C) the principle of urea and 86 

urease detection. 87 

2. Material and methods  88 

2.1 Instruments and measurements 89 

Transmission electron microscopy (TEM) was performed using a Tecnai G2 F20 S-TWIN transmission 90 

electron microscope (FEI, USA) operated at an accelerating voltage of 200 kV. X-ray photoelectron 91 

spectroscopy (XPS) measurements were made on a ESCALAB250Xi spectrometer (ThermoFisher 92 

Scientific). Absorbance were recorded with BioTek Microplate Reader (ELx800, USA). Fluorescence 93 

measurements were obtained by using a Hitachi F-4700 fluorescence spectrometer (Hitachi. Ltd., Japan). 94 

X-ray diffraction (XRD) patterns were recorded on a XRD-6000 using Cu Kr radiation (λ=1.5418 Å) at 95 
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a step rate of 2° s-1. 96 

2.2 Materials  97 

Cesium carbonate (Cs2CO3), lead(II) bromide (PbBr2), 1-octadecene (ODE), oleic acid (OA) were 98 

purchased from Sigma-Aldrich. Dopamine hydrochloride, glycine (Gly), alanine (Ala), phenylalanine 99 

(Phe), histidine (His), glucose (Glu), threonine (Thr), and urea were purchased from Aldrich Chemical. 100 

Urease was purchased from Shanghai yuanye Bio-Technology Co., Ltd. NaCl, KCl, MgCl2, and all other 101 

reagents were of analytical reagent grade. Nanopure water (18.2 MΩ; Millpore Co., USA) was used 102 

throughout the experiment. The serum and urine samples were obtained from ChongQing University 103 

Cancer Hospital. 104 

2.3 Synthesis of CsPbBr3 105 

The preparation of CsPbBr3 were based on the previously reported procedures, with slight modifications 106 

and more rigorous controls of the experimental conditions for improved fluorescence properties[1, 2]. 107 

0.0814 g of Cs2CO3, 4 mL of ODE and 250 μL of OA were added to a three-necked flask, heated to 120 108 

oC, sealed and dried with nitrogen for 30 min. After the reaction, the temperature was raised to 150 oC 109 

until the powder was completely dissolved, then temperature was lowered to 125 oC before used 0.0676 110 

g PbBr2 and 5 mL ODE were added to a three-neck flask, heated to 120 oC, sealed and dried with nitrogen 111 

for 30min., 0.5 mLOA and 0.6 mL OLA were added, the reaction continued until the powder was 112 

completely dissolved and heated to 160 oC. Added 1 mL Cs-oleate precursor to the flask reacted 5 s and 113 

cooled in an ice bath. 114 

The prepared sample was centrifuged at 12000 rpm for 5 min, and the precipitate was dispersed in 2 mL 115 

of n-hexane. The supernatant was collected by centrifugation, added 2 mL of toluene, 40 μL of OA and 116 

4 mg of DDAB, the mixed solution was stirred at room temperature in the dark for 1 h. Excess ethyl 117 
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acetate was added to the sample after the reaction, and the mixture was centrifuged at 12000 rpm for 5 118 

min. The precipitate was dispersed in 4 mL of toluene, centrifuged at 15000 rpm for 15 min, collected 119 

the supernatant. The CsPbBr3 was stored at 4 °C. 120 

2.4 Synthesis of PS-PAA 121 

Preparation of PS-PAA [3]: Before the experiment, styrene was purified and concentrated by vacuum 122 

distillation, acrylamide and potassium persulfate were recrystallized in acetone and water respectively to 123 

purify the reagent. 100 mL of deionized water was added to a three flask, and heated to 70 °C in a N2 124 

atmosphere for 1 h. Then 10 mL purified styrene was added, after 5 min added 5 mL acrylamide-aqueous 125 

solution (0.4 g/mL), reacted 5 min added 5 mL potassium persulfate aqueous solution (80 mg/mL). The 126 

reaction continued for 15 h before filtering the product PS-PAA with absorbent cotton. The solution was 127 

centrifuged at 12000 rpm for 18 min, the supernatant was removed, and the precipitate was reldispersed 128 

in water. After repeated operations for 3 times, PS-PAA was finally dispersed in water and stored at 4 oC. 129 

Amination of PS-PAA: Prepared PS-PAA added to a round bottom flask and vigorously stirred. After 130 

being slowly heated to 50 oC, 40 mL hydrazine hydrate was added. After reaction for 14 h, it was cooled 131 

to room temperature and dialyzed (8000-12000 Dalton) in ultrapure water for 7 days to obtain PS-PAA-132 

NH2. 133 

Carboxylation of PS-PAA: The PS-PAA-NH2 was taken out and placed in a beaker, stirred at room 134 

temperature, and 3.0g succinic anhydride was added for several times. During the process, NaOH 135 

solution was used to adjust the pH of the system immediately, so that it remained pH around 4. After 136 

stirring for 2 h, the product was dialyzed in ultrapure water with dialysis bag (8000-12000 Dalton) for 7 137 

days to obtain PS-PAA-COOH. 138 

2.5 Preparation of the PDPS composites [33] 139 
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The appropriate amount of PS-PAA solution (1 mL) was centrifuged at 14,000 rpm for 15 min. The 140 

precipitate obtained was dispersed in ethanol and then centrifuged again to remove the supernatant. Next, 141 

the precipitate was dispersed in 900 μL of isopropanol. Then 100 μL of CPQDs was added and the 142 

solution was sonicated for 30 min. After the reaction, an excess of n-hexane was added to the mixture 143 

and centrifuged at 1000 rpm for 1 min to remove the supernatant. The resultant precipitate was washed 144 

two times with water and ethanol, and dispersed in water, then stored at 4 °C. 145 

2.6 pH sensing 146 

The pH sensing platform was designed using the following protocol: 10 μL of the PDPS composites 147 

and 20 μL of DA were added to a 600 μL Britton-Robison (BR) buffer solution at various pH values. 148 

After being evenly mixed, the PDPS composites were incubated at 37 °C for 30 min. Fluorescence 149 

spectra were then obtained in the wavelength range of 470–570 nm with the excitation wavelength set at 150 

300 nm. 151 

2.7 Detection of Urea 152 

For the detection of urea, the PDPS composites were first dispersed in a phosphate buffer (PB) 153 

solution (pH 6.8, 0.01 M).Then, 50 μL of DA (25 mM), 5 μL of urease (1.25 U/mL) and 45 μL of urea 154 

solutions at different concentrations (0.00167, 0.0083, 0.0167, 0.0833, 0.167, 0.5, 0.833, 1.667, 3.33, 5, 155 

6.667, 8.333, 16.67 mM) were added to the 200 μL of PDPS composites in centrifugal tubes. The 156 

solutions were incubated for 30 min at 37 °C, and fluorescence spectra were then obtained from 470–157 

570 nm at an excitation wavelength of 300 nm. The selectivity of this sensing system for urea was 158 

assessed in the presence of cations (such as K+, Na+, and Mg2+) and amino acids (such as Ala, Phe, His, 159 

Glu, Gly, and Thr). 160 

2.8 Detection of Urease 161 
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For urease detection, the PDPS composites were first dispersed in the PB buffer solution (pH 6.8, 162 

0.01 M). Then, 50 μL of DA (25 mM), 45 μL urea solution (0.05 M), and 5 μL of urease at different 163 

concentrations (0.0021, 0.0042, 0.0208, 0.0416, 0.0833, 0.1333, 0.2, 0.2667, 0.3125, 0.333, 0.4, 0.433, 164 

0.5, 0.667, 0.833, 1, 1.25 U/mL) were added to the 200 μL PDPS samples. After the mixture was 165 

thoroughly mixed, the samples were incubated at 37 °C for 30 min, and fluorescence spectra were then 166 

obtained from 470–570 nm at an excitation wavelength of 300 nm. 167 

2.9 Real serum samples assay  168 

To verify the feasibility of the PDPS composites based sensing system for the detection of urea, 169 

serum samples were employed. The serum samples were diluted 50-fold with the PB buffer solution (pH 170 

6.8, 0.01 M), and urea of different concentrations was added to prepare the spiked samples. 171 

3 Results and discussion 172 

3.1 Characterization of PDPS composites 173 

 174 
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Fig. 1. (a) TEM image of CPQDs, (b) HRTEM image of a single CPQDs, (c) TEM image of the prepared 175 

PDPS composites, and (d) HRTEM image of the PDPS composites. 176 

There are many preparation methods for CsPbBr3 perovskite quantum dots (CPQDs), but those 177 

based on the hot-injection method usually have a more uniform particle size and better optical stability. 178 

As a result, CPQDs were prepared by the hot-injection method. Fig. 1a-b shows the prepared CPQDs 179 

with an average particle size of 8.49 nm, and a lattice spacing of 0.42 nm. The CPQDs were subsequently 180 

embedded in polystyrene and poly (acrylic acid) (PS-PAA) microspheres using a swelling–shrinking 181 

method. These PS-PAA microspheres had special internal hydrophobic and external hydrophilic 182 

characteristics, which enabled the perovskite materials to maintain stable fluorescence characteristics 183 

internally and also have good water dispersion. The prepared PS-PAA microspheres were characterized 184 

by TEM (Fig. S1a-b), which showed that the average diameter of PS-PAA was 285 nm. Fig. 1c-d shows 185 

the TEM images of the PDPS composites. It is clearly found that the lattice spacing of the embedded 186 

CPQDs remains constant, which suggested that CPQDs were successfully embedded in the PS-PAA 187 

microspheres without changing the crystal structure. 188 

In order to further prove that CsPbBr3 perovskite quantum dots was successfully encapsulated in 189 

PS-PAA microspheres, SEM/EDX elemental mapping analysis and TEM/EDX elemental mapping 190 

analysis were performed on PDPS composites, respectively. It is difficult to observe some element 191 

distribution in the Fig. S2, maybe attribute to CsPbBr3 perovskite quantum dots was encapsulated in PS-192 

PAA microspheres or the particle size of CsPbBr3 perovskite quantum dots were too small, results these 193 

signals were difficult to be detected by SEM analysis. Therefore, TEM was further performed to analyze 194 

the element distribution. As is seen in Fig. S4, there are some nanometer particles seen in inner of PDPS 195 

composites in the HAADF-STEM image, and the corresponding energy dispersive spectrum (EDS) 196 
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layered images show that PDPS composites are composed of C, O, N, Cs, Pb and Br elements. In 197 

conclusion, the above characterization results have proved the successful preparation of PDPS 198 

composites. 199 

 200 

Fig. 2 (a) XRD patterns of the prepared PDPS composites, (b) Fluorescent emission spectra (green line) 201 

and absorbance spectra (black line) of the PDPS composites. The inset photograph shows a strong green 202 

PL emission under UV light (λ = 365 nm), (c) Storage stability in aqueous solution, and (d) PL stability 203 

in buffer solutions at various pH values. 204 

Similarly, the XRD results (Fig. 2a) also showed that the diffraction peaks of the PDPS composites 205 

fluorescent microspheres were matched with the CPQDs. The result showd that the wrapping process did 206 

not change the crystal structure of the CPQDs, further proving the successful preparation of the PDPS 207 

composites. Fig. 2b represents the optical characterization of the PDPS composites. The emission 208 

wavelength of the PDPS composites was 519 nm. No obvious absorption peak was observed in the 209 
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absorption spectrum but green fluorescence was observed under UV light (inset in Fig. 2b). To verify the 210 

photoluminescence (PL) stability of the PDPS composites, the samples were dispersed in aqueous 211 

solution and their fluorescence characteristics were tested after 28 days. Fig. 2c shows that the 212 

fluorescence intensity change of the sample was almost negligible even after 28 days, indicating that the 213 

prepared PDPS composites had ultra-stable fluorescence characteristics. At the same time, the sample 214 

was dispersed in buffer solutions at different pH values. The results showed (Fig. 2d) that the 215 

fluorescence intensity of the PDPS composites was very consistent under different pH conditions. In 216 

conclusion, all of the above results proved that PDPS composites had good PL stability in aqueous 217 

environments, promoting their sustainable utilization in biological detection. 218 

3.2 Fluorescence response of the PDPS composites to pH 219 

The PDPS composites with DA were employed to establish a pH sensing system. As seen in Fig. 220 

3a-b, the fluorescence intensity of the PDPS composites was almost unchanged in the pH range of 2-4. 221 

However, at higher pH values, DA was oxidized to quinone. Quinone, on account of its good electron 222 

accepting properties, caused the fluorescence quenching of the PDPS composites [34, 35]. As shown in 223 

Fig. 2d, in the pH range of 2 to 12, the fluorescence of the PDPS composites remained almost unchanged 224 

in the absence of dopamine, indicating the stability of the PDPS composites in this pH range. Therefore, 225 

we constructed a novel method to modify the as-prepared PDPS composites with dopamine, which broke 226 

the fluorescence intensity balance of the PDPS composites in environments at different pH values. The 227 

presence of DA facilitated the fluorescence quenching of the PDPS composites. To verify the response 228 

time of the PDPS composites at different pH value, the PDPS composites were dispersed in BR buffer 229 

solutions with pH values of 3 and 9. The fluorescence intensity was recorded for different reaction times. 230 

It was observed that the fluorescence intensity of the PDPS composites remained unchanged until 30 min 231 
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(Fig. S5), indicating that the reaction was complete, so the optimal reaction time was 30 min. It can be 232 

seen from Fig. S6 that for different concentrations of DA the linear relationship between the fluorescence 233 

intensity and the DA concentration was different. When the DA concentration was 0.6 mM, as shown in 234 

Fig. 3b, and the pH was in the range of 4-12, the fluorescence intensity and pH value showed a good 235 

linear relationship (R2=0.994). Therefore, 0.6 mM DA appeared to be the optimized concentration for 236 

pH sensing applications. 237 

 238 

Fig. 3 (a) Fluorescent emission spectra (λex=300 nm) of PDPS/DA at different pH value. (b) The linear 239 

relationship between the fluorescence intensity at various pH values. 240 

3.3 Detection of Urea/Urease  241 

Motivated by the response of the PDPS composite fluorescent sensor to different pH values, we 242 

used the system to detect urea and urease. As we know, urea can be hydrolyzed in the presence of urease 243 

according to Eq. (1) [36]    244 

 𝑈𝑈𝑟𝑟𝑟𝑟𝑟𝑟 + 𝐻𝐻2𝑂𝑂
Urease
�⎯⎯⎯�𝐻𝐻𝐻𝐻𝑂𝑂3− +𝑂𝑂𝐻𝐻− + 2𝑁𝑁𝐻𝐻4+                   (1) 245 

The generated OH- can change the pH value and then oxidize DA to generate a quinone structure, thereby 246 

causing fluorescence quenching of the PDPS composites, and achieving the purpose of detecting urea 247 

and urease. In order to further confirm the sensing capability of the composite in physiologically active 248 

systems, the influence of different concentrations of interfering substance on the fluorescence of the 249 
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PDPS composites were studied. As evident from Fig. S7a-b, there was no fluorescence quenching of the 250 

PDPS composites when in the presence of urea, urease, NH4
+ or HCO3

- in the environment. In order to 251 

use this system to accurately detect urea, it was also imperative to regulate the concentration of DA and 252 

urease. As shown in Fig. S8a-c, to detect urea the optimal DA concentration was determined to be 4.1 253 

mM, the optimal urease concentration was 1.25 U/mL and the optimal temperature was 37 °C. 254 

 255 

Fig. 4 (a) Fluorescent emission spectra (λex=300 nm) of the PDPS composites with different 256 

concentrations of urea. (b) The linear relationship with error bars for urea detection. (c) Interference 257 

studies of the PDPS composites sensor towards urea. (d) FL images of the aqueous suspension of the 258 

PDPS composites to different interfering substances, excited by a 365 nm of UV-lamp. 259 

The PDPS/DA sensing system was used to detect different concentrations of urea (Fig.4a-b). As 260 

the urea concentration continuously increased, the fluorescence intensity of the PDPS composites 261 

gradually decreased. The quenching can be expressed with Stern–Volmer equation: 262 
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𝐼𝐼0
I

= 1 + K𝑆𝑆𝑆𝑆[c]                                                            (2) 263 

Where I0 and I are the fluorescence intensities in the absence and presence of urea, [c] is the concentration 264 

of urea and Ksv is the quenching constants, which can reflect the sensitivity of the sensor. In this study, 265 

as shown in Fig. S9, at low concentrations there was a linear relationship between (I0/I-1) and urea 266 

concentration, but when urea concentration increases, there was no linear relationship. Thus, the 267 

quenching mechanism of urea were dynamic and static fluorescence quenching. Through calculation, the 268 

Ksv of urea is 292.5 M-1. The fluorescent sensor showed a good linear relationship in the urea 269 

concentration range of 1.67 μM-6.67 mM (Y= -0.078 [C urea] +0.67, R2=0.995). Therefore, the detection 270 

limit of urea was 1.67 μM. To further demonstrate the selectivity of the system for urea detection, we 271 

tested some substances for their potentially interference (Na+, K+, Mg2+, Ala, Phe, His, Gly, Thr and Leu) 272 

under the same conditions. The interference studies against cations and amino acids are shown in Fig.4 273 

c. The red bars were the effect of different interference materials on the fluorescence intensity of the 274 

PDPS composites, and the black bars verified that after joining the interference materials, urea influenced 275 

the fluorescence intensity of the PDPS composites. As evident from Figure 4c, the interference studies 276 

exhibited no obvious influence on the sensing system; thus, the system could be successfully employed 277 

for the detection of urea. Fig. 4d shows a photograph of different interfering substances added to the 278 

PDPS composites under a UV lamp (λ ex=365 nm). The fluorescence intensity of the PDPS composites 279 

was not affected by any interfering substances, except for urea, when compared with the blank group. 280 

Furthermore, comparing this urea detection sensing system with the previous method [27, 28, 31, 37-40], 281 

it was found that this sensing system had obvious advantages in regard to response time and detection 282 

limit (Table. S1). The sensing system reported here is robust and applicable for detecting urea in 283 

physiologically active biofluids. 284 
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Similarly, in order to detect urease at different concentrations, we fixed the added urea 285 

concentration to 0.05 M. Fig. 5a shows that as the urease concentration increases the fluorescence 286 

intensity of the PDPS composites slowly decreases. Through used Stern–Volmer equation calculation, 287 

the Ksv of urease is 106.5 mL/U. As shown in Fig. S10, the results presented are similar to those of urea 288 

detection, thus the quenching mechanism of urease were also dynamic and static fluorescence quenching. 289 

When the urease concentration was between 2.1-550 mU/mL (Fig. 5b) the fluorescent sensor showed a 290 

good linear relationship (Y= -1.22 [C urease] +0.816, R2=0.985). The limit detection of the urease sensing 291 

system was 2.1 mU/mL. Compared with existing method (Table. S2), our method shows excellent 292 

reliability and stability.  293 

Compared with existing method (Table. S2), our method shows excellent reliability and stability. 294 

Most of the reported perovskite-based sensors are detected in the oil phase, which is not conducive to 295 

the application of biochemical detection. More importantly, the constructed detection method has the 296 

advantages of easy operation, rapid response and can detect in water, indicating that this method has 297 

great reliability and potential in detection urea and urease in real samples. 298 

 299 

Fig. 5 (a) Fluorescent emission spectra (λex=300 nm) of the PDPS composites with different 300 

concentrations of urease. (b) The linear relationship with error bar for urease detection. 301 

3.4 Detection in real samples 302 
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We tested the urea content in real human serum and urine samples by employing the standard 303 

addition method to evaluate the feasibility of the system in real samples. From the results in Table 1, we 304 

can see that the recovery for the three different samples in human serum and urine were 91.7-112% and 305 

98-100.8%, respectively, and the RSDs ≤ 7%. The Recovery could be calculated according to the 306 

Equation, Recovery % = 100% × (Detected concentration/Added concentration) [41, 42]. The 307 

fluorescence spectra of the PDPS composites with different concentrations of urea in real human serum 308 

and urine samples are displayed in Fig. S11 and Fig. S12. According to the previous studies [43, 44], the 309 

unknown concentration of human serum and urine was quantified as 29 mM and 4.21 mM, 310 

respectively(Fig. S13 and Fig. S14). The above results show that this fluorescence detection sensing 311 

system has excellent potential for sensing urea in real serum samples.  312 

Table 1 313 

Detection of urea in real human samples. 314 

sample Urea added (mM) Urea found (mM) Recovery (%) RSD (%, n=3) 

Human 

Serum 

0.50 0.56±0.04 112.0 7.0 

1.33 1.43±0.09 107.0 6.0 

6.67 6.12±0.03 91.7 0.5 

Human 

urine 

0.50 0.49±0.01 98.0 2.0 

1.33 1.34±0.02 100.8 1.5 

6.67 6.68±0.05 100.1 0.7 

4 Conclusion 315 

In this work, CPQDs were embedded in PS-PAA microspheres using a swelling–shrinking method 316 

to construct PDPS composites. These composites exhibited high stability over longterm exposure to air 317 
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and aqueous solutions. The biocompatible PDPS composites reported here could be used for the accurate 318 

and rapid monitoring of pH changes in a biological system. Moreover, this system could be easily 319 

extended to clinical applications such as monitoring pH in tumour microenvironments and new drug 320 

delivery systems. The PDPS composites could also be successfully employed for the detection of urea 321 

and urease with high sensitivity and selectivity in real clinical samples. 322 
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