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Highlights: This chapter discloses a fluorescence-based sensing method with p-

Thiocresol functionalized Cesium Lead Bromide (PTC@CsPbBr3) for detection of 

cholesterol. The main highlights of the chapter are its synthetic method, its selectivity 

in presence of biologically active molecules and extension towards real samples. 
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4.1 Introduction 

Cholesterol belongs to an essential class of lipids in the human body (Figure 4.1). It is a 

waxy, fat-like substance and can be found in the brain, nerve cells, liver, skin, etc. It plays 

a very important role in the construction of the hormonal system and acts as a synthesis 

precursor of many vitamins, steroid hormones, and bile ducts [1]. However, cholesterol 

is also the reason for many diseases when its limit is not under optimal level. In human 

blood serum, the total concentration of cholesterol should be in the range of 2.86-5.98 

mM. For instance, when cholesterol level goes below this level and it causes several 

diseases such as anemia, hemorrhage, hypothyroidism, and even cancer, etc [2,3]. On the 

other hand, a higher cholesterol level than the optimal range is harmful to the human 

body, and diseases like arteriosclerosis, nephritic syndrome, heart diseases, myocardium 

infection, and lipid metabolism can be happened [4]. Therefore, it is necessary to 

maintain an accurate level of cholesterol in our blood serum to get rid of cholesterol-

related diseases. 

 

Figure 4.1 Molecular structure of cholesterol 

 In that context, many spectroscopic technologies have been developed over 

different periods to detect cholesterol in serum. The common detection techniques used 

to detect cholesterols are fluorometric [5], electrochemical [6], enzymatic methods [7], 

liquid-phase chromatographic [8], etc. Notably, all these methods have their own 

advantages and some disadvantages while using those detection processes. Most of those 

techniques required expensive instruments, and they need a complicated operating 

process with low selectivity and sensitivity. Recently, fluorescence chemo-sensors have 

gained much attention because of the advantages of simple operations, low-cost, rapid 

detection time, and excellent luminescent properties [9-14]. Till now, various 

fluorescence sensors like metal-organic frameworks (MOF) [15,16], polymers [16],  
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quantum dots [17], and carbon dots [18] have been successfully applied to detect 

cholesterol at an accurate level.  

 In the concurrent research period, perovskites (ABX3) have been explored in 

various applications such as emitting diodes (LED), solar cells, sensors, photodetectors, 

photocatalysts, etc. due to their outstanding optoelectronic properties [19-27]. Recently 

CsPbBr3 perovskites have been witnessed to construct many photoluminescent (PL), 

chemiluminescent, electroluminescent, and colorimetric sensor probes for detecting 

metal ions, pesticides, gas molecules, humidity, etc. Among the various techniques, the 

fluorescence detection method is one of the most applied techniques where the 

fluorophore can detect the analyte with a lower detection limit. However, the degradation 

in humid conditions is a major drawback in the case of halide-based perovskites. In 

presence of humidity, the CsPbBr3 degraded into PbBr2 and CsBr and become non-

functional to act as sensors. Many passivating and encapsulation processes have been 

developed to stabilize the perovskite moiety. For example, polymers, MOF [28], COF [29], 

and TiO2 [30] have been utilized as passivating ligands for CsPbBr3 and make the material 

substantially stable. Wang et al., developed 3-aminopropyltriethoxysilane (APTES) 

passivated CsPbBr3 as a fluorescence sensor to detect tetracycline in an ethanol medium 

[17]. Later, Shu et al., first synthesized CsPbBr3 encapsulated in silica and methoxy 

polyethylene glycol to make a humid-stable fluorescence sensor for the detection of the 

analyte Hg2+ and glutathione [31]. Xue and co-workers reported passivated CsPbBr3 gold 

and SiO2 and represented the designed sensor as a ratio-metric fluorescence sensor 

probe towards the copper ions [32]. 

 With this above discussion, this chapter highlighted the synthesis of stable 

passivated CsPbBr3, perovskite nanocrystals by using oleic acid (OA) and p-thiocresol as 

a passivating ligand to make perovskite nanocrystals (PNCs) to increase the stability. The 

discussion about the luminescence stability of the ligand passivated CsPbBr3 towards 

photo, temperature, and aqueous stabilities of PNCs compared to the pristine one is 

mentioned. Later, the application of the passivated sensor probe as a fluorescence-

sensing probe for cholesterol detection is studied. To validate the sensing performance 

in real sample assay, the sensing method developed in this work is further studied in 

human blood serum to prove its practical ability to detect cholesterol in biomedical 

applications. 
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4.2 Experimental 

4.2.1 Materials 

All chemicals were used without purification. Cesium Bromide (CsBr) (99.9%, Alfa 

Aesar), Lead Bromide (PbBr2) (99.9%, TCI), Dimethylformamide (DMF) (99%, Alfa 

Aesar), p-Thiocresol (99%, Sigma-Aldrich), Toluene (99%, Alfa Aesar), Oleic Acid (OA) 

(99.9%, TCI), Cholesterol (Sigma-Aldrich), Urea (Sisco Research Laboratories), Glycine 

(Alfa Aesar), Fructose (Alfa Aesar), L-Cysteine (Alfa-Aesar), Rhodamine Blue (Sigma-

Aldrich), Ethanol (99%, Alfa Aesar), Ascorbic Acid (Alfa Aesar), Uracil (Alfa Aesar), 

Alanine (Sigma-Aldrich), Glucose (Sigma-Aldrich), Adenine (Alfa Aesar), Cystine (Alfa 

Aldrich), NaCl (SRL), KCl (SRL) are commercially available.  

4.2.2 Synthesis of p-thiocresol passivated CsPbBr3 

The PTC@CsPbBr3 PNCs were synthesized using this procedure: dissolving 0.4 mmol of 

CsBr, and 0.4 mmol of PbBr2, 1 mL of oleic acid, 0.1 mmol of p-thiocresol in 10 mL DMF 

to form a clear precursor solution [27]. Later, 1 mL of the above solution was dropped to 

10 mL toluene with vigorous stirring. The obtained product was centrifuged, washed with 

toluene several times, and dried in a vacuum oven at 80 ℃ to obtain pure and dried material. 

4.2.3 Structural Characterization  

The FT-IR spectra of the samples were performed using a Nicolet Impact-410 IR 

spectrometer (USA) in the KBr medium at room temperature in the range of 4000–400 

cm-1. XRD was measured with Bruker D8 advanced eco P-XRD system. The surface 

morphologies of CsPbBr3 metal halide perovskites (MHPs) were analyzed by using 

Gemini 500 FE-SEM instrument and energy dispersive compositional mappings were 

recorded by using SEM (JEOL-JSM-6390LV). The High-resolution Transmission Electron 

Microscope (HR-TEM) images were captured using (Model: JEM-2100, JEOL, USA). The 

chemical compositions were analyzed by X-ray photoelectron spectroscopy (XPS, Perkin 

Elmer model 1257). A Shimadzu UV-2550 spectrophotometer was used to record the 

electronic absorption spectra of the samples in the wavelength range of 200-800 nm. The 

fluorescence emission spectra were recorded using a Hitachi F-2700 fluorescence 

spectrophotometer at room temperature. The decay of fluorescence spectra was 

measured using (Horiba Scientific, instrument) model.  
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4.2.4 Fluorescence measurements 

The quantum yield of the PTC@CsPbBr3 perovskite crystals was calculated by 

considering Rhodamine Blue as a reference (Quantum Yield = 97 % in ethanol). The 

measurements were carried out using the equations as follows [33,34].                            

Φfx =  
𝜂𝑥

2

𝜂𝑅ℎ𝑜𝑑𝑎𝑚𝑖𝑛𝑒 𝐵𝑙𝑢𝑒
2 ·

𝐴𝑅ℎ𝑜𝑑𝑎𝑚𝑖𝑛𝑒 𝐵𝑙𝑢𝑒

𝐴𝑥
·

𝐹𝑥

𝐹𝑅ℎ𝑜𝑑𝑎𝑚𝑖𝑛𝑒 𝐵𝑙𝑢𝑒
· 𝛷𝑓𝑅ℎ𝑜𝑑𝑎𝑚𝑖𝑛𝑒 𝐵𝑙𝑢𝑒  

In the above equation, η is the refractivity (η = 1.36 for ethanol, and η= 1.49 for toluene), 

A is the absorbance which is lower than 0.01 to avoid internal filter effects [34] and F is 

the integral absorption area in the luminescence spectra. 

4.2.5 Methods for stability experiments 

The stability experiments were carried out using a dispersion of 0.1 mmol of CsPbBr3 

(0.057 g) in 10 mL toluene. The suspension was further sonicated for 30 min to get a 

homogeneous mixture. 3 mL of the above perovskite aliquot was taken in a cuvette and 

their respective luminescence peak was recorded under the excitation wavelength of 380 

nm.  The experiments were carried out in a humid condition of 80%. The photostability 

test was done by taking 3 mL of the above suspension under the illumination of a 365 nm 

UV lamp for a period of 8 hours. The thermal stability of the passivated PNCs was 

measured while increasing the temperature of the suspension up to 110 ℃. 

4.2.6 Fluorescence detection of cholesterol using PTC@CsPbBr3 sensor probe 

To investigate the sensing experiments, a homogeneous dispersion of passivated PNCs 

was made having a concentration of (0.57 g/100 mL) under sonication for 30 min. After, 

3 mL of this suspension was placed in a quartz cuvette and to that various concentration 

of cholesterol was added. The respective luminescence measurements were carried out 

under the excitation wavelength was 380 nm. 

4.2.7 Detection of cholesterol in real samples 

The practical applicability of the sensor probe was studied in human blood serum 

samples with the target analyte. The blood serum samples were collected from the Health 

Centre of Tezpur University. Then the samples were further diluted 100 times. Then, the 

samples were mixed with different concentrations of cholesterol for the respective 

fluorescence measurements under the excitation wavelengths of 380 nm. The recovery 

rate of the blood samples was calculated. 
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4.3 Results and Discussion 

4.3.1 Structural Analysis 

4.3.1.1 FT-IR spectra 

To analyze the functional groups, the FT-IR spectra were recorded (Figure 4.2). The 

absorption band at 2915 and 2848 cm-1 is attributed to the asymmetric and symmetric 

stretching modes of C-H vibration [35,36]. The absorption band at 3437 cm-1 is 

corresponding to the presence of absorbed H2O molecules [36]. The peak appeared at 

1396 cm-1 is due to the bending vibrations of the C-H bond. The successful passivation of 

p-thiocresol was also proved by the absorption peak appearing at 1394 and 2400 cm-1 

due to the stretching mode of vibration of the C-S and S-H bond, respectively [34, 37]. 

 

Figure 4.2 FT-IR spectra of PTC@CsPbBr3 & CsPbBr3 

4.3.1.2 PXRD analysis 

To study the effect of passivation upon crystal phases, P-XRD analysis of the prepared 

materials was recorded. The diffraction peaks (110), (112), and (220) indexed at 15.19, 

21.48, and 30.58 were observed (Figure 4.3). From this data, it was confirmed that the 

synthesized perovskites have standard orthorhombic phase [38]. 
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Figure 4.3  P-XRD spectrum of PTC@CsPbBr3 crystal 

4.3.1.3 Optical analysis 

The optical analysis in this work employed that the synthesized passivated perovskite 

exhibits a characteristic broad absorbance maximum till 520 nm and a sharp emission 

peak at 530 nm with full-width half maxima (FWHM) (26 nm) upon excitation at 380 nm 

(Figure 4.4). The inset image displayed a bright green color of PTC@CsPbBr3 dispersion 

under the illumination of UV light at 365 nm.  The calculated quantum yield of 

PTC@CsPbBr3 was found as 55.62% (Table 4.1). Moreover, the UV-Vis absorbance of p-

thiocresol passivated CsPbBr3 was found more in comparison to pristine CsPbBr3 (Figure 

4.5). 

 

Figure 4.4 Luminescence and absorbance spectra of PTC@CsPbBr3 dispersion with the 

inset images display the color of the passivated perovskite nanocrystals under the 

irradiation of 365 nm UV-lamp 
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Furthermore, the lifetime of the pristine perovskite and the passivated perovskites were 

calculated (Figure 4.6). The decay graphs were well-fitted in a bi-exponential decay. The 

average lifetime value of CsPbBr3 showed increment from 1.16 ns to 5.91 ns upon PTC 

passivation. The increased lifetime values in PTC@CsPbBr3 indicate the enhancement of 

stability in the excited state after passivation with p-thiocresol. 

Table 4.1 Summary of relative photoluminescence quantum yield of PTC@CsPbBr3 & 

CsPbBr3  

Perovskite Sample PLQY (%) 

PTC@CsPbBr3 55.62 

CsPbBr3 18.70 

 

 

Figure 4.5  UV-Vis absorption spectra of CsPbBr3 and PTC@CsPbBr3 

 

Figure 4.6 Time-resolved Photo-luminescence decay graph of PTC@CsPbBr3 
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4.3.1.4 Energy dispersive X-ray (EDX) analysis 

 The distribution of different elements was confirmed by  EDX analysis (Figure 4.7). The 

presence of the elements such as Cs, Pb, Br, C, and S were found with a close 

approximation to their atomic percentage of 13.5:10.83:37.06:37.31:1.3. The elemental 

mapping images of the synthesized perovskite were described the homogeneous 

distribution of all the elements in the crystal lattice (Figure 4.8).  

 

Figure 4.7 EDX spectra of  PTC@CsPbBr3 with the inset image show the elemental ratios 

 

Figure 4.8 Elemental mapping images for elements such as Cs, Pb, Br, C, and S 
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4.3.1.5 X-ray Photoelectron spectroscopy (XPS) analysis 

The high-resolution X-ray Photoelectron spectroscopy (XPS) was performed, and the 

analysis revealed the detection of  Cs, Pb, Br, C, and S elements in the PTC@CsPbBr3 

nanocrystal lattice. This study again proved about the successful passivation of p-

thiocresol group into the perovskite crystal lattice. The binding energies for  Cs 3d3/2 

and Cs 3d5/2 appeared at 738 eV and 724 eV, respectively (Figure 4.9a). Similarly, 

the binding energies observed at 143.2 eV and 138.2 eV are observed due to Pb 

4f5/2 and Pb 4f3/2, respectively (Figure 4.9b). With the binding energies 69.1 eV and 68.2 

eV, the Br 3d peak is deconvoluted into two sub-peaks that are Br 3d5/2 and Br 3d3/2 

(Figure 4.9c). Also, the peak for C 1s appeared at 284.6 eV, and the peak appeared at  170 

eV and 164 eV were observed due to S 2p (Figure 4.9d-e) [39]. The elemental ratios of the 

elements found from XPS data are outlined. The XPS data confirmed the successful 

passivation of p-thiocresol into the perovskite crystal lattice structure. 

 

Figure 4.9 XPS survey of (a) Cs 3d spectrum, (b) Pb 4f spectrum, (c) Br 3d spectrum, 

(d) C 1s spectrum, (e) S 2p spectrum, and (f) prepared PTC@CsPbBr3 spectrum 

4.3.2 Morphological analysis 

4.3.2.1 SEM analysis 

The morphology of the perovskite crystals are shown via Scanning Electron Microscope 

(SEM) analysis (Figure 4.10). The synthesized p-thiocresol passivated CsPbBr3 crystals 

was found in an orthorhombic-shaped morphology. 
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Figure 4.10 SEM image of p-thiocresol passivated CsPbBr3 

4.3.2.2 TEM analysis 

The crystal structure was further confirmed by Transmission Electron Microscopy 

(TEM) analysis (Figure 4.11). The TEM image of PTC@CsPbBr3 reveals of orthorhombic-

shaped structure with an average particle size of 75.17 nm. The inset image showed the 

interplanar distance of 0.40 nm corresponding to the (110) plan of PTC@CsPbBr3. Also, 

the selected area diffraction pattern (SAED) of the PNPs with an interplanar spacing of 

0.40 nm also confirmed the (110) plane of synthesized perovskite (Figure 4.11b).  

 

Figure 4.11 (a) TEM images of the PTC@CsPbBr3 and inset image indexed with 

interplanar distance, and (b) Selected Area Diffraction (SAED) pattern of PTC@CsPbBr3 

4.3.3 Study of stability of PTC@CsPbBr3 

The stability of the PTC@CsPbBr3 was tested under different conditions. The 

fluorescence intensity of PTC@CsPbBr3 was recorded in different polar and non-polar 

solvents like water, ethanol, hexane, and toluene (Figure 4.12a). The luminescence 
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intensity was more in the case of toluene dispersion than in the other polar and non-polar 

solvents. Hence, toluene was chosen as a solvent to perform all our sensing experiments. 

Additionally, the stability test was confirmed by performing fluorescence measurements 

of PTC@CsPbBr3 upto 60 min in toluene dispersion at different time intervals. The 

fluorescence intensity of the sensor probe does not noticeably change (Figure 4.12b). 

This study confirmed that the PTC layer were successfully protected CsPbBr3 PNPs well.  

 

Figure 4.12 (a) Effects of different polar solvents on the fluorescence properties of 

PTC@CsPbBr3, and (b) Stability of PTC@CsPbBr3 in toluene 

The stability of the designed sensor was studied under 80% humid conditions by 

recording fluorescence intensity at different time intervals for a period of 12 hours. Only 

33.22% of degradation was found in the case of thiol-passivated perovskite nanocrystals 

(Figure 4.13a). However, the pristine perovskites showed higher degradation with a 

percentage degradation of 56.18%.  To check the luminescence stability of PTC@CsPbBr3 

NPs against temperature, the temperature stability test was performed by recording the 

fluorescence intensity of the perovskite dispersion by increasing the temperature to 110 

℃. The calculated percentage degradation of PTC@CsPbBr3 was found to be 9.4% (Figure 

4.13b) whereas, the value for pristine CsPbBr3 was found as 42.73% (Figure 4.13c).  

Further the photostability test of the perovskite dispersion was investigated by 

illuminating the perovskite dispersion under a 365 nm UV-lamp for a period of 8 hours. 

The percentage degradation of  PTC@CsPbBr3 was 55.45%. However, the value for 

pristine CsPbBr3 was found as 69.09%. To employ the water resistance test of the 

perovskite dispersion, aliquot 0.1 mL of water was added to a 3 mL perovskite. The 

respective fluorescence was measured with an excitation wavelength of 380 nm. The 

calculated percentage degradation of PTC@CsPbBr3 is found as 63.27 %. However, the 
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value for CsPbBr3 is 96.11%. From the above results, it can be concluded that p-thiocresol 

ligand successfully made halide perovskite more stable than pristine one against high 

humidity, increased temperature, and under UV-lamp irradiation. 

 

Figure 4.13 (a) Luminescence behaviour of PTC@CsPbBr3 & CsPbBr3 under 80% humid 

condition for a period of 12 hours, (b) Variation of luminescence intensity of 

PTC@CsPbBr3 as a function of temperature up to 110 ℃, (c) UV photostability test of 

PTC@CsPbBr3 under the irradiation of 365 nm UV lamp, (d) Variation of luminescence 

intensity of bare CsPbBr3 as a function of temperature up to 110 ℃, (e) UV photostability 

test of bare CsPbBr3 

4.3.4 Sensitivity of CsPbBr3 towards cholesterol 

The high stability with excellent optoelectronic properties of PTC@CsPbBr3 makes it to 

study as a fluorescence sensing probe for cholesterol. The sensing experiments were 

carried out in a perovskite dispersion in toluene (0.1 mmol of CsPbBr3 into 10 mL 

toluene) with the addition of a different amount of analyte cholesterol. First, the 

fluorescence titration experiments were carried out in a suspension of CsPbBr3 

perovskite in toluene with a concentration of (0.57 g/100 mL). The dispersion was 

further sonicated for 30 min to get a homogeneous suspension. To an aliquot of 3 mL, 

various concentrations of cholesterol were added. The fluorescence measurements were 

carried out with an excitation wavelength of 380 nm. With the gradual addition of 

cholesterol solution (0.1 mmol/10 mL toluene), the luminescence intensity of PNPs 

gradually decreased (Figure 4.14a). The cholesterol was added with a concentration 
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ranging from 0.039 to 0.30 μM. The quenching efficiency was calculated using the 

following Stern-Volmer equation: 

𝐼0

𝐼
= 1 + 𝐾𝑠𝑣[𝐶𝐶ℎ𝑜𝑙𝑒𝑠𝑡𝑒𝑟𝑜𝑙] 

In this equation, I0 is the initial PL intensity of PTC@CsPbBr3 without adding the analyte 

cholesterol, and I is the luminescence intensity of PTC@CsPbBr3 with the addition of 

cholesterol. C is the added concentration of cholesterol and Ksv is the Stern Volmer 

constant of the analyte. 

 From the calculations, it was found that titration data was well fitted in the linear 

equation I0/I= 9.35x+1.09 with a correlation efficiency of 0.96 (Figure 4.14b). The 

calculated detection limit (3σ/k) was found as 0.24 ppm, where k was the slope of 

the calibration graph and σ was the standard deviation for blank samples of repeat 

times n = 10. The Stern-Volmer constant Ksv for the titration against cholesterol 

was found as 9.36×106 M-1. While comparing the detection limit with other 

fluorescence sensors (Table 4.2), it was found that our designed sensor can able to 

detect cholesterol with lower detection limit.    

 

Figure 4.14 (a) Photoluminescence spectra of PTC@CsPbBr3 with the addition of 

different concentrations of cholesterol, and (b) the Stern-Volmer plot of the sensor 

probe against different concentrations of cholesterol 

The response time of the designed fluorescence system was further evaluated with 

the addition of 0.13 μM cholesterol to the 3 mL perovskite dispersion. From the 
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figure 4.15a, it was observed that after 10s the fluorescence intensity became stable. 

Thus, the response time of the sensor toward the analyte was 10s. At different pH 

conditions, the quenching abilities of the sensor probe PTC@CsPbBr3 were 

evaluated (Figure 4.15b). In this case, it was noticed that the probe was failed to 

perform in the acidic pH. In acidic pH, there might be structural distortion between the 

bromide ion from the perovskite surface with the proton present in the medium. 

However, when the pH of the medium was increased from neutral to basic consecutively; 

the quenching behaviour of the probe increased and delivered better performance.  

 

Figure 4.15 (a) Fluorescence intensity of PTC@CsPbBr3 after adding 0.30 μM cholesterol 

at different response times, and (b) effect of different pH on the PL quenching of 

PTC@CsPbBr3 towards cholesterol detection 

Table 4.2 A Comparative study of a few fluorescence sensor probe systems for detection 

of cholesterol 

Entry Sensor probe LOD(μM) ref 

1 
Cholesterol oxidase-functionalized mesoporous 

silica nanoparticle@ZIF-8 core-shell nanocomposites. 
0.89 nM 40 

2 
Nitrogen, cobalt co-doped carbon dots (N, Co-CDs) with 

2,3-diaminophenazine (DAP) 
3.4 nM 41 

3 
Carboxymethyl β-cyclodextrin (β-CMCD) was grafted 

onto the luminescent metal organic framework 
0.4μM 42 
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4 Nitrogen-doped graphene quantum dots 0.4 μM 43 

5 Au@CD 0.0024 mM 44 

6 Enzyme-modified CdSe/ZnS 0.01 mM 45 

7 CuINS/ZnS 0.222 mM 46 

8 Gold Carbon dot 10 nM 47 

9 Au NPs–β-CD 9 nM 48 

10 CeO2-CD 0.35μM 49 

11 N doped Carbon quantum dot/ MnO2 nanowire 0.004 μM 50 

12 CIS@ZnS QDs 10 nM 51 

13 β-CD-RhB 3 μM 52 

14 
DNA-stabilized silver nanoclusters with 

guanine 
0.15 μM 53 

15 

Poly(vinyl pyrrolidone)-protected gold nanoparticles 

(PVP-AuNPs) and fluorescent BSA-protected gold 

nanoclusters (BSA-AuNCs) 

0.8 μM 54 

16 Carbon nanodot 3.64 μM 55 

17 Pd Nanoclusters Confined in ZIF-8 0.092 μΜ 56 

 

4.3.5 Selective sensing of PTC@CsPbBr3 towards cholesterol 

Furthermore, the selectivity of the sensing probe PTC@CsPbBr3 was evaluated with 

respect to some potential biologically important interfering compounds such as glycine, 

urea, ascorbic acid, fructose, L-Cystine, uracil, adenine, and sodium chloride (NaCl). All 

the experiments were carried out under the same reaction condition. The selectivity 

experiments reveals that the counterparts have negligible influence on the sensor probe 

which verifies that the PTC@CsPbBr3 sensor have a high selectivity towards cholesterol 

detection (Figure 4.16). 
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Figure 4.16 Selectivity research of PTC@CsPbBr3 towards cholesterol (0.30 μM) under 

different biologically relevant interfering molecules and metal ions (0.30 μM) 

4.3.6 Sensing mechanism of PTC@CsPbBr3 towards cholesterol 

Figure 4.17a shows that there was no spectral overlap between the absorption spectra of 

the analyte cholesterol and luminescence spectra of the PTC@CsPbBr3 (Figure 4.17a). 

From which, it can be understood that the probability mechanism of the quenching is 

through foster resonant energy transfer (FRET) is low [57]. There is no significant shift 

of the emission peak of PTC@CsPbBr3, when cholesterol was added; which eliminates the 

probability of the intermolecular charge transfer (ICT) mechanism [58]. XRD analysis 

revealed the presence of the characteristic signal even after the exposure to cholesterol 

(Figure 4.17b). This indicates, the analyte (cholesterol) does not make any structural 

changes in the perovskite lattice structure [38]. The same conclusion was also confirmed 

from the FE-SEM image of recovered PTC@CsPbBr3 (Figure 4.18a). Comparison of the 

FT-IR spectra of PTC@CsPbBr3 and recovered PTC@CsPbBr3 confirmed that there were 

not any distinguishable changes (Figure 4.18b), and this concludes that exciplex/excimer 

formation is less during the detection process [59]. From elemental mapping images it 

was confirmed that the elements Cs, Pb, Br, C, O, and S homogeneously distributed in the 

perovskite crystal structure which reveals that cholesterol uniformly reacts with 

PTC@CsPbBr3 (Figure 4.19). 
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Figure 4.17 (a) UV-Vis absorption spectra of cholesterol and Luminescence spectra of 

PTC@CsPbBr3, and (b) P-XRD spectra of PTC@CsPbBr3 and pristine CsPbBr3 

 

Figure 4.18 (a) FE-SEM image of recovered PTC@CsPbBr3, and (b) FT-IR spectra of 

PTC@CsPbBr3 in the absence/presence of 0.13 μM cholesterol & 0.3 μM cholesterol 

 

Figure 4.19 Elemental image of PTC@CsPbBr3 cholesterol 
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The mechanism of the detection process was further validated with the time-resolved 

photoluminescence spectra (TRPL) analysis (Figure 4.20). The excitation wavelength in 

this analysis was 380 nm. The bi-exponential decay graphs concluded that the calculated 

average lifetime of PTC@CsPbBr3 was 5.91 ns, while the value declined to 1.4 ns in 

presence of 0.13 μM cholesterol. The shortened lifetime of the sensor probe 

PTC@CsPbBr3 in presence of cholesterol indicates that the detection of cholesterol is 

gone through the dynamic quenching mechanism. With the gradual addition of the 

analyte cholesterol on the perovskite dispersion most likely creates some H-bonding 

interaction between the thiol group of PTC@CsPbBr3 PNPs with the hydroxyl group of 

cholesterol and later, this interaction triggers some non-radioactive decay [60,61]. The 

interaction between Pb2+ from CsPbBr3 with the O atom of cholesterol also might cause 

some cationic vacancies. Similarly, interactions between the Br- ion with the  H-atom of 

cholesterol form anionic vacancies. Due to these interactions, some charge recombination 

takes place in the perovskite crystal with the addition of analyte cholesterol and results 

in some quenching of the emission peak at 530 nm. The mechanism was further verified 

with the temperature study. With an increase in temperature from 286K to 303 K, the 

Stern-Volmer constant was increased from 8.25 ×106 M-1 to 16.26 ×106 M-1 (Figure 4.21) 

and confirmed the detection of cholesterol by PTC@CsPbBr3 proceeded dynamic 

quenching mechanism [59]. The intensity of solid-state absorbance spectra of the sensor 

probe PTC@CsPbBr3 decreases upon exposure with 0.30 μM cholesterol and proved the 

applicability of the designed senor in the solid-state detection process (Figure 4.22). 

 

 

Figure 4.20 TRPL spectra of PTC@CsPbBr3 in the absence/presence of 0.13 μM 

cholesterol 
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Figure 4.21 Stern- Volmer plot of PTC@CsPbBr3 in the presence of cholesterol at 286 K 

& 303K 

 

Figure 4.22 Solid-state UV-Vis absorption of PTC@ CsPbBr3 titrated with 0.30 µM 

concentrations of cholesterol 

4.3.7 Detection of cholesterol in an aqueous environment 

The potential applicability of the designed sensor of PTC@CsPbBr3 in humid conditions 

was further examined by dispersing cholesterol in an aqueous solution. In this study, it is 

seen that the luminescence intensity of the PTC@CsPbBr3(0.1mmol/10mL) gradually 

decreased after the addition of cholesterol (0.1 mmol/10 mL) (Figure 4.23).  
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Figure 4.23 PL quenching of PTC@CsPbBr3 (0.1 mmol) in presence of various 

cholesterol concentrations (0.1 mmol) dispersed in water 

4.3.8 Control Experiment in Water 

The pertinency of the sensor probe PTC@CsPbBr3 in the aqueous environment was 

checked in this study. For the analysis, 3mL of perovskite solution (0.1 mmol in 10 mL 

toluene) was taken as a stock solution and the analyte cholesterol (0.1 mmol) was 

dispersed in 10 mL water. Then, a dispersion solution was prepared by mixing 1 mL of 

the above cholesterol solution with 2 mL toluene in a volume ratio of (1:2). In this 

analysis, we found that the luminescence peak of PTC@ CsPbBr3 gradually quenched with 

the addition of cholesterol solution in the prepared biphasic mixture (Figure 4.24). The 

emission peak of PTC@CsPbBr3 in toluene showed gradual increase with the addition of 

H2O and toluene solution in the same volume ratio without cholesterol. This difference 

luminescence behaviour of the PTC@CsPbBr3 makes it effective as the addition of an 

optimum volume of water in the reaction medium. In these quenching experiments, it 

was confirmed that the solvent did not interfere with the quenching due to the analyte. 

The distinguished emission behaviour conclusively justified the applicability of the 

designed sensor PTC@CsPbBr3 towards cholesterol detection in an aqueous 

environment.  
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Figure 4.24 Validation of the designed sensor (a) with the gradual addition of 

cholesterol, (b) upon the addition of different volumes of water 

4.4 Determination of cholesterol in human blood serum 

The practical utility of the designed sensor was investigated by the quantitative 

determination of cholesterol in the real sample (human blood serum). To determine the 

appropriate concentration of cholesterol in the human blood, samples were diluted with 

distilled water with 100-fold dilution. Various concentrations of cholesterol are added in 

the diluted serum samples. As shown in the Table 4.3, the obtained results are shown 

with recoveries of 92%, 102.56%, and 107.6%. This analysis demonstrates the potential 

applicability of the sensor probe for detecting cholesterol in real samples. 

Table 4.3 Determination of cholesterol in human-blood samples using PTC@CsPbBr3 

Dilution Added cholesterol 

(µM) 

Found 

cholesterol (µM) 

Recovery 

(%) 

RSD (%) 

 0.050 0.046 92 0.57 

100-fold 0.039 0.040 102.56 1.81 

 0.13 0.14 107.6 1 

 

4.5 Conclusion 

In summary, this chapter mentioned the development of another sensing system where 

p-thiocresol as a passivating ligand for the controlled synthesis of CsPbBr3 perovskite 

nanoparticles at room temperature. The synthesized PTC@CsPbBr3 perovskites were 

stable in high temperature and high humidity conditions. The work demonstrated 

PTC@CsPbBr3 as an optical sensor for detecting cholesterol with high selectivity and 

sensitivity. The mechanism of the quenching process was found as the dynamic 
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quenching mechanism. The proposed sensor can be able to detect cholesterol in the range 

of 0.0039-0.030 µM with an ultra-low detection limit of 0.24 ppm with the fast response 

time of 10 s. The efficacy of the sensor was further examined by applying it to the 

detection of cholesterol in human blood serum. Due to the high recovery percentage, it 

can be expected that the designed sensor has potential applications in biomedical fields 

to detect cholesterol related problems in human health. 
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