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ABSTRACT 

    The dc conductivity and thermoelectric power of PbxCd1-xS (0 ≤ x ≤ 1) thin films were 

fabricated and investigated for the solar cell efficiency. The deposition parameters such as 

time, concentration, temperature, and pH of the solution were optimized to get superior 

quality thin films. The optical properties revealed that the band gap of the films decreased as 

the composition parameter ‘x’ increased. XRD results show the films are polycrystalline with 

an individual hexagonal (CdS) and cubic (PbS) structure. FESEM revealed that the films 

have uniform surface morphology over the entire substrate. The crystallite size measured by 

XRD and FESEM studies was found to be varied with composition ‘x’. EDXS shows a 

compositional analysis of prepared films. 

    The four probe technique is used to estimates the electrical conductivity (σ) and thermal 

activation energy at room temperature. The TEP data are analyzed to calculate electron 

carrier density (n) and mobility (μ) of PbxCd1-xS thin films at a temperature of 45 °C to      

110 °C. In the photoconduction study, it is observed that dark current rises linearly with 

applied voltage and photocurrent varies with applied voltage. PbxCd1-xS thin film’s PEC solar 

cell was characterized by determining the open-circuit voltage (Voc), short circuit current 

(Isc), maximum power (Pmax), fill factor (ff) and efficiency (ɳ %). The area 0.2 cm2 is selected 

for the sample cell and was illuminated by a 90 mW/cm2 solar radiation. From the I-V higher 

magnitudes fill factor 37.02 % and conversion efficiency 0.10940 % is obtained for 

composition Pb0.2Cd0.8S. 
 

Keywords:PbxCd1-xS thin films, CBD, Electrical, TEP, Photoconduction properties, PEC 

solar cell. 

 

1. Introduction 

In the past few decades, II-VI and IV-VI group compound materials having unambiguous 

physical properties like high-efficiency, high optical absorbance, and direct band gap, are 

considered to be potential materials in respect for a wide spectrum of optoelectronic 

applications such as photodetectors, photovoltaic devices, lasers, IR detector, solar control 

coatings, solar cells etc. [1-4]. These materials can be deposited in thin film form by various 

techniques, such as vacuum deposition, chemical bath deposition, chemical vapor deposition, 

electro-deposition, spray pyrolysis and sol-gel methods [5-13]. The PbxCd1-xS thin films are 

well known key hi-tech material due to its major applications in various optical and electronic 

devices [14]. 
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Lead sulphide (PbS) is IV- VI semiconductor material with band gap 0.41 eV and its band 

gap can be improved by decreasing size of crystallites. This change in band gap in PbS can be 

obtained for comparatively larger crystallite size as Bohr excitonic radius is comparatively 

larger than other chalcogenides [15]. Among the II-VI semiconductors, Cadmium sulphide 

(CdS) thin films are a representative n-type material with many applications such as large-

area electronic devices and solar cells, it has a wide direct band gap (2.42 eV) so has been 

used as a window material together with several semiconductors such as CdS,Cu2S etc. [16]. 

The band gap of CdS has been improved by mixing it with Pb ions. As we know that CdS 

and PbS are highly sensitive to light and in view of their practical application, a study of their 

mixed thin film structure is important as an electrochemical converter [17-18]. M. A. Barote, 

et.al reported that the broad and fine-tunable band gap properties of PbxCd1-xS thin films are 

suitable for many scientific studies and technological applications such as transparent 

electrodes, solar cells, gas sensors, piezoelectric and optoelectronic devices [18]. In this 

present paper, we report the deposition of PbxCd1-xS thin films on both corning glass and 

fluorine-doped tin oxide (FTO) substrates by using a chemical bath deposition method. The 

electrical properties, thermoelectric power, and photo conduction property are studied over 

room temperature and a wide range of temperatures respectively.  

2. Experimental 

2.1. Synthesis of PbxCd1-xS thin film 

The chemical bath deposition technique was used to prepare PbxCd1-xS thin films. In this 

technique, bath solution was prepared by mixing the appropriate volumes of 0.1M Lead 

Acetate [Pb(CH3COO)2.2H2O], 0.1M Cadmium Acetate [Cd(CH3COO)2.2H2O],                 

1M Thiourea [(NH2)2.CS]. The bath solution was made alkaline by adding 6M Ammonia 

[NH3], under a constant stirring process. The ultrasonically cleaned substrate is used for the 

deposition of PbxCd1-xS thin film and then substrate washed by using distilled water and 

Acetone, after that dry it completely [8].  

Take bath solution in a glass beaker and place this beaker in a chemical bath and set 

temperature 75 °C. When the temperature reaches 50 °C place substrate vertically in solution 

and adds 20ml of 1M Thiourea drop by drop in a beaker until the temperature rises from      

50 °C to 75 °C. After deposition cools it to room temperature and cleaned with distilled water 

and dried in air. All PbxCd1-xS films exhibited yellowish to deep black color [19].  

2.2. Characterization of PbxCd1-xS thin film 

UV-Visible 2400 spectrophotometer used to optical measurements of thin films at room 

temperature at wavelengths ranging from 400 to 800 nm. Bruker D8 Advance diffractometer 

with CuKα1 radiation X-ray diffraction (XRD) techniqueis used to investigate the structural 

property of the thin films. The scanning ranges 20° to 90° used for thin films for 20 min. 

The scanning electron micrographs (SEM) of different films were also investigated by 

using Hitachi S-4800-Type-II (Hitachi High Technology Corporation). For compositional 

analysis Energy-dispersive X-ray Spectroscope (EDXS) technique is used and is done by 

using X-Flash detector 5030, Bruker (Berlin-Germany) attached to the SEM [8, 19, 20]. 

The electrical property of the PbxCd1-xS thin films was measured by the conventional four-

probe technique using direct current at room temperature and thermoelectric power was 

investigated by using thermoelectric power measurement at temperature 45 °C to 110 °C. 
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Photoconductivity measurements were carried out at room temperature by connecting it in 

series with a Pico ammeter and a dc power supply [21]. 
 

2.3. Growth mechanism of thin film 

PbxCd1-xS thin films are prepared by the decomposition of thiourea in an alkaline solution 

containing lead and cadmium salts.The growth mechanism and rate of formation of PbxCd1-xS 

thin film are most relevant on the rate of release of Pb2+, Cd2+, and S2- ions from the complex 

state which condense on an ion by ion basis on the glass substrate. 

Generally, the PbxCd1-xS thin film occurs on a substrate and formed when the ionic product 

(IP) of Pb2+, Cd2+,and S2-exceeds solubility product (SP) of PbS and CdS. The ratio (IP/SP)  

= S gives the supersaturation of the ions over the PbxCd1-xS layer. 

A slow release of lead or cadmium (Pb2+ or Cd2+) ions is reached by the dissociation of a 

complex species of lead or cadmium such as tetra amine lead II [Pb(NH3)4]
2+ or tetra amine 

cadmium II [Cd(NH3)4]
2+ complexion. S2- ions are supplied by the decomposition of organic 

sulphur compounds, such as thiourea. The PbxCd1-xS precipitate was formed by the controlled 

chemical bath deposition technique. The S2− ion, released from thiourea, in alkaline medium 

reacts with Pb2+ and Cd2+ ions and forms the PbxCd1-xS compound as per the following 

reaction [7]. 

     The formation of PbxCd1-xS (0 ≤ x ≤ 1) thin film may involve the following steps [7, 9, 22-

24]. 

i) Formation of ammonia ion: - The hydrolysis of ammonia in water gives ammonia ion and 

hydroxide ions [25]. 

NH3    +   H2O                NH+
4    

  +    OH-
                                                                         … (1) 

ii) Formation of lead complex 

Pb(CH3COO)2               Pb2+
    

  +   2CH3COO2-
                                                               … (2) 

Pb2+ 
   +   4NH3              Pb(NH3)2+

4                                                                                   … (3) 

iii) Formation of cadmium complex 

Cd(CH3COO)2               Cd2+
    

  +   2CH3COO2-
                                                              … (4) 

Cd2+ 
   +   4NH3              Cd(NH3)2+

4                                                                                  … (5) 

iv) Formation of the S2-ion 

In the alkaline medium dissociation of CS (NH2)2 takes place 

CS(NH2)2    +   OH-                   CH2N2   
  +   H2O    +   SH-

                                             … (6) 

SH-    +   OH-                   S2-    +   H2O                                                                                … (7) 

Then the overall chemical reaction is as follows 

 

x[Pb(NH3)4] 2+     +   1-x[Cd(NH3)4] 2+    +     S2-                  PbxCd1-xS   +   Waste product.
 

                                                                                                                                        … (8) 
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2.4. Construction of Photoelectrochemical (PEC) solar cell 

For the construction Photoelectrochemical cell, it consists of a semiconductor 

photoelectrode and the counter electrode which dipped in an electrolyte solution consisting of 

redox species. The most important fact to construction PEC cell is the long-term stability of 

cells that show reasonable conversion efficiencies. The desired device structure is, 

FTO/PbxCd1-xS/liquid electrolyte/platinum-coated FTO as a back contact as shown in fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Device structure 
 

2.5. Photoelectrochemical (PEC) solar cell characterization 

The PbxCd1-xS materials deposited on the FTO substrates were used for the construction of 

PEC solar cell. A polysulphide was used as a liquid electrolyte. After assembling the whole 

setup it is used to characterize the cell in dark and under illumination, a variable voltage was 

applied across the junction and the current flowing through it was measured. 

The measurement of current-voltage (I-V) was performed in forward bias with a computer-

controlled instrument Keithley 2611 under the standard condition of cell temperature 25 °C, 

under the illumination of simulated solar radiation of 90 mW/cm2. The area of the sample is 

selected at 0.2 cm2. 

 

3. Results and discussion 

3.1. Significance of the growth mechanism  

In a growth mechanism, it is revealed that the film growth and color of the deposited 

PbxCd1-xS thin films changed from yellowish to deep black color. It was found that the 

growth and thickness of the prepared thin film are increased with the composition parameter. 

Because at high temperature the rate of release of Cd2+ and S2- ions are higher that increases 

the rate of film growth and the film thickness is increases than earlier reports [25]. The 

surface profilometer technique was used to calculate the thickness of the PbxCd1-xS thin 

film.The calculated thickness of the film with varying compositions ‘x’ listed in table 1. 
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Table 1. Calculated thickness (nm) of PbxCd1-xS thin films 

Composition (x) Thickness (nm) 

0.0 407 

0.2 492 

0.4 575 

0.6 603 

0.8 642 

1.0 687 

 

3.2. Optical properties 

   The optical absorption spectra (fig.2.) of prepared PbxCd1-xS thin films were also 

investigated to evaluate the forbidden energy band gap (Eg). Optical absorbance spectra for 

the films were recorded by a UV- 2450 spectrophotometer.The spectrum is a plot of 

absorbance against wavelength obtained at temperature 75 °C. The spectrum shows that the 

deposited PbxCd1-xS thin film starts absorbing at a wavelength of 400 nm which then 

increases until it reaches a maximum at 800 nm before it starts to decrease. The absorption 

edge lies between UV-Visible regions.  

 

 
 

Fig. 2. Absorbance spectra for the PbxCd1-xS thin films 

 

   The forbidden energy gap (Eg) of synthesized films was determined by using the Tauc 

formula [26], as shown in equation (9).  

 

αhν= A (hν-Eg)m                                                                                                                                                                          … (9) 

 

Where, 

α = Absorption coefficient 

hν= Photon energy 

Eg = Optical band gap 
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A = Constant which related to effective masses associated with valance band and conduction 

band. 

m = Assume the value of 1/2, 2, 3/2 and 3 for allowed direct, allowed indirect, forbidden 

direct and forbidden indirect transition, respectively. 

 

    Graphs (Tauc plot) between (αhν)2 versus hν is plotted for PbxCd1-xS (0 ≤ x ≤ 1) thin films 

are shown in fig. 3. and the intercept of extra plotted straight line at (αhν)2 = 0 axis gives the 

value of band gap of the material. 

    The band gap of deposited films was found to be in the range of 2.34 -1.40 eV which very 

high as compared to the bulk PbS (0.41eV) shown in table 2. Also, it is observed that the 

band gap of the films reduces with increasing Pb doping content in CdS. This decrease in 

band gap is consistent with dependence on crystallite size and the alloying of PbS with CdS. 

As the CdS and PbS are highly sensitive to light and in view of their practical application, a 

study of their mixed thin film structure as electrochemical converters is of technical 

importance [7]. 
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Fig. 3. Shows plots of (αhν)2 versus hν for PbxCd1-xS thin films 

 

Table 2. Shows composition (x) with band gap (eV) of PbxCd1-xS thin films 

Composition (x) Band gap (eV) 

0.0 2.34 

0.2 2.31 

0.4 2.27 

0.6 2.23 

0.8 2.18 

1.0 1.40 

 

3.3 Structural properties 

   In order to study the crystalline nature of prepared PbxCd1-xS thin films, the XRD pattern 

was recorded in the 2θ range 20° to 90° shown in fig. 4. The XRD results for films with 

different compositions show that the films are polycrystalline in nature.   

   It is observed that CdS exhibits a zinc blend (Hexagonal) crystal structure match with 

JCPDS (89-2944) [27-29]. Also, PbS is present in cubic crystal form match with JCPDS    

(78-1058) which reports in some earlier papers [30, 31]. For the PbxCd1-xS thin films growth 

occurs due to strong orientation of (100) plane which analogous to substrate. This orientation 

change from composition 0.0 to 1.0. This arises due to decrese the intensity of (002) plane 

reflection and increase intensity of (111) plane reflection. Which indicate that concentration 

of film changes from Cd to Pb not only the orientation of crystallites but also the cubic 

content [19, 35]. All the match values for prepared thin films are given in table 3. 
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Fig. 4. XRD of PbxCd1-xS thin films 

 

    All major diffraction peaks for all samples were chosen to estimate the average size of the 

crystallites byusing DebyeScherer’s equation (10). 

 

D = 0.94 λ / β Cosθ                                                                                                            ... (10) 

 

Where,  

λ is the wavelength of X-ray used, 

β is the full width at half maximum in radian, and 

θ is the Bragg’s diffraction angle. 

 

   The crystallite size calculated for the PbxCd1-xS thin films having different compositions 

shown in table 3. The average crystallites size is calculated was ranging between 16.31 nm 

and 32.61 nm. 

 

Table 3. XRD analysis of the of PbxCd1-xS thin films 

Composition 

(x) 

2θ 

theta 

2d 

(Std.) 

2d 

(Obs.) 

hkl 

values 

Crystal 

Size (nm) 

x = 0.0 

24.80 3.5853 3.5872 1 0 0  

 

 

23.32 

26.60 3.3575 3.3484 0 0 2 

44.40 2.0700 2.0387 1 1 0 

50.20 1.7926 1.8159 2 0 0 

51.90 1.7620 1.7603 2 0 1 

66.80 1.3992 1.3993 2 0 3 

x = 0.2 

24.80 3.5853 3.5872 1 0 0  

 

 

 

  27.21 

26.00 3.4245 3.4243 1 1 1 

26.50 3.3575 3.3608 0 0 2 

30.10 2.9657 2.9666 2 0 0 

43.60 2.0700 2.0780 1 1 0 

51.90 1.7620 1.7603 1 1 2 

79.00 1.2107 1.2110 4 2 2 

x = 0.4 

24.80 3.5853 3.5872 1 0 0  

 

 

26.00 3.4245 3.4243 1 1 1 

26.50 3.3575 3.3608 0 0 2 
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30.10 2.9657 2.9666 2 0 0 18.12 

43.60 2.0700 2.0742 1 1 0 

51.80 1.7620 1.7635 1 1 2 

79.00 1.2107 1.2110 4 2 2 

x = 0.6 

24.80 3.5853 3.5872 1 0 0  

 

 

   20.40 

26.00 3.4245 3.4243 1 1 1 

30.10 2.9657 2.9666 2 0 0 

43.60 2.0700 2.0742 1 1 0 

51.60 1.7620 1.7614 1 1 2 

79.00 1.2107 1.2110 4 2 2 

x = 0.8 

24.80 3.5853 3.5872 1 0 0  

 

 

16.31 

26.00 3.4245 3.4243 1 1 1 

30.10 2.9657 2.9666 2 0 0 

43.60 2.0700 2.0742 1 1 0 

51.20 1.7620 1.7827 1 1 2 

79.00 1.2107 1.2110 4 2 2 

x = 1.0 

26.00 3.4245 3.4243 1 1 1  

 

 

 

32.61 

30.10 2.9657 2.9666 2 0 0 

43.10 2.0971 2.0971 2 2 0 

51.10 1.7884 1.7860 3 1 1 

53.50 1.7122 1.7114 2 2 2 

71.00 1.3263 1.3265 4 2 0 

79.00 1.2107 1.2110 4 2 2 

 
(Some XRD data and images already published [32] and are reprinted by permission of journal by mail dated Sat, 

Aug 31, 7:39 AM) 

 

3.4. Scanning electron microscopy (SEM) studies 

   Scanning electron microscopy technique used to study the surface morphology of prepared 

thin films. The SEM micrographs of all the films show uniform surface morphology over the 

entire substrate shown in fig. 5. It is revealed that SEM images consist of a dense layer with 

small crystallites and adhere well to substarte without any crash. It can also be seen that in all 

compositions all small crystals converted to larger crystals and covered entire substarte well 

during deposition temperature. 

   It was observed that the surface morphology of composition (x = 0.0, 0.2) shows a sand 

rose-like structure [25], for composition (x = 0.6) it shows a rice-like structure [9], for 

composition   (x = 0.4, 0.8)  it shows a ball-like structure [33] and for composition (x = 1.0)  

it shows cubic structure [34]. The cubic crystal are more in the case of lead sulphide (x =1.0) 

composition. 

  The crystal size was calculated using a standard scale bar method. The scale bar length is    

2 μm. It observed that crystal size is different for every change in composition. The crystal 

sizes of PbxCd1-xS thin films obtained by SEM are given in table 4. The average crystal size is 

calculated was ranging between 20.3 nm and 84.1 nm. 
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Fig. 5. SEM images of PbxCd1-xS thin films 
(Some SEM data and images already published [32] and are reprinted by permission of journal by mail dated Sat, 

Aug 31, 7:39 AM) 

 

Table 4. Crystal sizes of PbxCd1-xS thin films 

Composition (x) Crystal Size (nm) 

0 73 

0.2 48.4 

0.4 70 

0.6 20.3 

0.8 25.5 

1 84.1 
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3. 5. Energy-dispersive x-ray spectroscope (EDXS) studies 

    The EDXS analysis of deposit PbxCd1-xS thin films is shown in fig. 6. (x = 0.0, 0.6, 1.0). 

The spectrum shows the presence of Pb, Cd and S elements on substrates. The compositional 

analysis of the deposited PbxCd1-xS thin films is done by using EDXS, shown in table 5. The 

presence of Pb, Cd, and S in the EDXS analysis is dueto the precursors, lead acetate, 

cadmium acetate and thiourea respectively. The atomic percentage of the elements in thin 

films is in close agreement with the volumetric ratio of the elemental precursor chemical 

solutions taken in the bath during deposition. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. EDXS Spectrum of x = 0.0 (CdS), x = 0.6 (PbCdS) and x = 1.0 (PbS) 

 
(Some EDXS data and images already published [32] and are reprinted by permission of journal by mail dated 

Sat, Aug 31, 7:39 AM) 

 

Table 5. Compositional analysis of deposited PbxCd1-xS thin films 

Composition 

(x) 

Bath solution of film (%) EDAX analysis (%) 

Pb Cd S Pb Cd S 

CdS 0 50 50 0 52.13 47.14 

Pb0.2Cd0.8S 10 40 50 6.15 49.12 43.36 

Pb0.4Cd0.6S 20 30 50 15.24 36.38 48.16 

Pb0.6Cd0.4S 30 20 50 28.17 19.63 48.63 

Pb0.8Cd0.2S 40 10 50 38.54 8.74 47.85 

PbS 50 0 50 48.25 0 48.65 
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3.6. Electrical properties 

The electrical properties are of great importance in deciding the quality of the 

semiconductor device. It involves the measurement of electrical conductivity, thermal 

activation energy and the nature of conduction mechanism.  

   The thermal activation energy of PbxCd1-xS thin films for different composition was 

obtained from electrical conductivity studies that are carried out at room temperature. Fig.7. 

Shows the plot variation of log σ vs 1000/T for PbxCd1-xS thin films. The electrical 

conductivity (σ) is related to temperature (T) according to the Arrhenius relation (11).  

 

 = o  exp(-Ea/KT)
                                                                                                                               … (11) 

 

Where, σ is the conductivity at temperature T, σ0 is conductivity at temperature absolute zero, 

Ea is the activation energy, K is the Boltzmann constant and T is the absolute temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Variation of log σ versus 1000/T for PbxCd1-xS thin films 

 

From fig.7. It has been found that the conductivity decreases thoroughly with an increase 

in the composition parameter ‘x’ in PbxCd1-xS thin films and these observations are in good 

agreement with the earlier reports [25, 35]. An increase in the amount of Pb in the PbxCd1-xS 

thin films leads to an increase in the compensation of sulphur vacancies in the structures and 

thus it causes resistivity increases and conductivity decreases [35]. 

Table 6. Shows thermal activation energy values were calculated from the linear portion of 

these plots [fig. 8]. It is observed that activation energy decreases with increasing ‘x’ 

composition in PbxCd1-xS thin films. Because PbS and CdS are deposited simultaneously, an 

increase in the Pb content in PbxCd1-xS thin films indications to an increased amount of PbS 

formation i.e. it becomes lead rich for higher values of ‘x’ leading to an increased 

concentration of sulphur vacancies and thus in free carrier density [35]. 
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Table 6. Thermal activation energy values of PbxCd1-xS thin films 

Composition 

(x) 

Thermal activation 

energy (eV) 

0.0 1.180 

0.2 0.949 

0.4 0.659 

0.6 0.435 

0.8 0.222 

1.0 0.162 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Variation of thermal activation energy with the composition ‘x’ in 

PbxCd1-xS thin films 

 

    The activation energy of electrical conduction has been determined from the slope of log σ 

vs 1000/T plot and its variation with the composition parameter ‘x’ in PbxCd1-xS thin films is 

shown in fig. 8. It is observed that activation energy is slowly decreasing from composition   

x = 0.0 to 1.0 in prepared PbxCd1-xS thin films. 

 

3.7. Thermo electric power (TEP) 

A temperature difference between the two ends of a semiconductor gives rise to an emf, 

known as thermo-emf. The thermo-emf is also called as the Seebeck coefficient or 

thermoelectric power. It is obtained from the ratio of the voltage generated and the applied 

temperature difference. It is found that the generated thermo-emf is proportional to the 

temperature difference and is given by the following relation, 

 

S = V/T                                                                                                                        … (12) 
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     The most key importance of thermo-emf is that it permits one to calculate the values of 

carrier mobility (μ) and carrier density (n) of a semiconductor given by the following 

equation (13) 

TEP = -k/eA  +  ln[2[2p mc
* kT]3/2/nh3

                                                                          … (13) 

Where, A is a thermoelectric factor, n is electron density, h is Plank’s constant and mc* is the 

effective mass of the electron. 

 

    After substitution of various constants in the above equation, it simplifies to the following 

equation, 

Log n = 3/2 logT - 0.005TEP  + 15.719                                                                    … (14) 

Also, the electron density was calculated using the equation (15), 

=  /ne                                                                                                                             … (15) 

Where, σ is conductivity, n is electron density and e is a charge. 

 

The type of electrical conductivity revealed by PbxCd1-xS thin film is determined by 

thermo-emf measurement. The measurement of thermo-emf is simple and its sign gives vital 

information about the type of conduction in semiconductors whether it is p-type or n-type. 

Thermo-emf is that it enables one to calculate the values of carrier density (n) and carrier 

mobility (μ) of a semiconductor. 

 

3. 7. 1. Dependence of thermoelectric power (TEP) on temperature 

    Fig. 9. Shows the plot of thermoelectric power (TEP) versus the temperature of PbxCd1-xS 

thin films for different compositions. It was seen that thermoelectric power increases with an 

increase in temperature in all compositions. From the figure, it is clear that the thermoelectric 

power of all samples was found to be negative at all temperaturesfrom 45 °C to 110 °C. The 

negative value of thermoelectric power indicates that the films are of n-type, majority charge 

carriers are electrons. For each temperature considered, the increasing amount of Pb 

concentration increases the magnitude of thermoelectric power. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 9. Variation of TEP vs temperature of PbxCd1-xS thin films. 
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3. 7. 2. Variation of carrier density with reciprocal of absolute temperature           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Variation of carrier density vs 1000/T of PbxCd1-xS thin films. 

 

     Fig. 10. Shows the variation of carrier density with the reciprocal of the absolute 

temperature of PbxCd1-xS thin films for a different composition. From the figure, it is 

observed that carrier density is temperature-dependent and an increase in the amount of Pb 

concentration decreases the magnitude of carrier density.  

 

3. 7. 3. Variation of mobility with reciprocal of absolute temperature 

     Fig. 11. Shows the variation of mobility with the reciprocal of the absolute temperature of 

PbxCd1-xS thin films for a different composition.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Shows variation of mobility vs 1000/T of PbxCd1-xS thin films. 

 

     From the figure, it is observed that mobility increases with temperature, whereas the 

decrease for increasing Pb concentration in PbxCd1-xS thin films. Mobility activation energy 
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values were calculated from the linear portion of these plots [fig. 11] and presented in table 7. 

It is observed that mobility activation energy decreases as the Pb concentration increases in 

PbxCd1-xS thin films. It may attribute to a more resistive nature of films having a higher 

concentration of Pb in PbxCd1-xS composition. 
 

Table 7. Mobility activation energy values of PbxCd1-xS thin films. 

Composition 

(x) 

Mobility activation 

energy (eV) 

0 1.322 

0.2 1.017 

0.4 0.904 

0.6 0.512 

0.8 0.325 

1 0.175 

 

A mobility activation energy has been determined from the slope of log μ versus 1000/T.  

It shows mobility activation energy slowly decreases with composition parameter ‘x’ in 

PbxCd1-xS thin films shown in fig. 12.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. Variation of mobility activation energy with the composition ‘x’ in PbxCd1-xS thin 

films 

 

3. 8. Photoconductivity measurement 

The word photoconductivity indicates the improvement of the electrical conductivity of 

material with the absorption of a suitable photon. On the basis of this definition, every 

insulator and semiconductor is a photoconductor. Photoconductivity studies of PbxCd1-xS i.e. 

CdS and PbS thin films find wide technological applications in xerography, light detectors, 

photovoltaic solar energy conversion, and thin film transistors, etc. 

In the present study, photoconductivity measurements were done on chemically deposited 

PbxCd1-xS thin films of different compositions at room temperature. The dependence of 
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photoconductivity on the effect of accelerating voltage into the film was also studied. 

Experimental set up for photoconductivity measurement as shown in fig. 13. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Circuit diagram for photoconductivity measurement. 

 

3. 8. 1. Effect of accelerating voltage 

i) Dark current - accelerating voltage characteristics 

To verify the ohmic nature of thin films, the evaporated indium contacts made on to these 

thin films and the relationship of dark current with applied d. c. voltage was determined. It is 

clear from the fig. 14. that the dark current rises approximately linearly with applied voltage 

and decreases with increasing composition in PbxCd1-xS thin film. This behavior confirms the 

ohmic nature of films under investigation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Effect of accelerating voltage on dark current for PbxCd1-xS thin films. 

 

ii) Photocurrent - accelerating voltage characteristics 

The variation of photocurrent of each of the PbxCd1-xS thin films with applied d. c. voltage 

at a fixed photoexcitation was observed. In fig. 15. It is observed that photocurrent increases 

with applied voltage. The increase of photocurrent is much rapid which may be attributed to 

the fact that; i) The creation of free charge carriers by photoexcitation from valence band and 

also imperfections states. ii) The contribution to photoconductivity from inter-particle barrier 
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height modulation by light excitation. The effect of absorption of light in the vicinity of 

barrier. This efficiently decreases in barrier height and subsequently, a large current is 

permitted. iii) Increase in carrier lifetime applied fields. The effect of the high field is to 

reduce the probability of re-trapping considerably and hence, to increase the life time, which 

results in a rapid rise in a photocurrent with applied fields. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15. Effect of accelerating voltage on photocurrent for PbxCd1-xS thin films. 

 

The need for ohmic contacts sets an upper limit to the maximum electric field applied to 

the photoconductor. If the field is increased beyond a critical value, the injection of charge 

carriers from ohmic cathode will dominate the conductivity process in the material, rather 

than photoexcitation of carriers. In view of this difficulty, all the electrical and photo 

conducting measurements have been carried out by applying D.C. potential which falls in the 

ohmic range of variation. 

 

3. 8. 2. PEC solar cell characteristics 

Fig. 16. Shows the current-voltage (I-V) curves for the deposited PbxCd1-xS thin films in 

dark and under a light with visible light. All the films under visible illumination in terms of 

open-circuit voltage (Voc), short circuit current density (Isc), fill factor (ff) and electron 

conversion efficiency (ɳ) are matched in table 8. 

These (I-V) curves in the dark indicate good junction rectification property. From the I-V 

measurements it is observed that the higher magnitudes fill factor 37.02 % and conversion 

efficiency 0.10940 % is obtained for composition Pb0.2Cd0.8S. This is a significant 

improvement as compared to other compositions [19].  
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Fig. 16. Shows the current-voltage (I-V) curves for the deposited PbxCd1-xS thin films 

 

   The improvement in the efficiency of the solar cell is a result of good crystalline structures 

of the thin film during deposition, where no oxides are formed. This may result in an increase 

in the resistance due to the good quality of the films. This also implies that no holes or cracks 

were found in the films, which may cause transmission loss. The solar cell efficiency in the 

present study is higher and more promising than some other solar cell fabricated by the 

chemical bath deposition technique. The device stability is tested up to thirty days. Because 

after thirty days device is corroded due to the continuous use of electrolyte. So that it loses its 

stability and loss its efficiency. 
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Table 8. Photoelectrochemical parameters of the PbxCd1-xS thin films 

Sample 

(x) 

Isc 

(mA/cm2) 

Voc 

(mV) 

Pmax 

(mA/cm2) 

Fill 

factor 

(ff %) 

Conversion 

efficiency 

(ɳ %) 

0 0.06041 455.55 10.09 36.96 0.01132 

0.2 0.44787 595.86 98.47 37.02 0.10940 

0.4 0.19106 494.80 24.17 25.57 0.02793 

0.6 0.12236 413.95 13.97 27.59 0.00782 

0.8 0.01244 171.55 0.79 36.98 0.00084 

1.0 0.10996 272.57 4.55 15.20 0.00500 

 

Table 8. Shows the dependence of the conversion efficiency and fill factor on the 

composition parameter. This appreciable change into fill factor and conversion efficiency is 

due to increment in surface area to volume ratio with crystal size. 

From the above discussion, we observed that the close-packed morphology of thin films 

hasan impact on the performance of the solar cells. Because densely-packed compact layered 

films can provide a faster conduction pathway for charge and electron transport. It can be 

seen that the cell performance is greatly improved as compared to other films reported [19, 

36]. 

 

4. Conclusions 

a) PbxCd1-xS ternary thin films are grown by chemical bath deposition technique and film 

shows semiconducting nature. 

b) Lead, cadmium and sulphur composition varied thoroughly in PbxCd1-xS ternary thin 

films. 

c) The film's growth and color of the deposited PbxCd1-xS thin films changed from yellowish 

to deep black color. The optical band gap of deposited films was found to be in the range 

of 2.34 to 1.40 eV. 

d) XRD studies show that the deposited thin films are polycrystalline in nature with cubic, 

hexagonal and cubic phases. SEM micrographs show uniform morphology with sand 

rose-like, ball-like, rice-like and cubic structure. Formation of Pb, Cd and S elements in 

compositions was also confirmed from EDXS spectra. The crystal size for deposited thin 

films is measured by X-ray diffraction (16.31 nm to 32.61 nm.) and scanning electron 

microscopy (20.3 nm to 84.1 nm). 

e) The electrical conductivity in PbxCd1-xS thin films decreases systematically with an 

increase in the composition parameter ‘x’. Also, it is observed that activation energy 

decreases with increasing ‘x’ composition in PbxCd1-xS thin films. 

f) Thermoelectric power of all samples was found to be negative at all temperature and the 

negative value of TEP indicates that the films are of n-type, majority charge carriers are 

electrons. Also, the increase in the amount of Pb concentration decreases the magnitude 

of carrier density and mobility activation energy slowly decreases with the composition 

parameter ‘x’ in PbxCd1-xS thin films.  
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g) In photoconductivity, study photocurrent  increases with applied voltage and dark current 

rises approximately linearly with applied voltage and decreases with increasing 

composition ‘x’ in  PbxCd1-xS thin film. This behavior confirms the ohmic nature of films.  

h) In the present study, a photoelectrochemical (PEC) solar cell of FTO/PbxCd1-xS/liquid 

electrolyte/platinum-coated FTO as a back contact structure was prepared by using the 

CBD technique. Due to the good quality of the thin films fabricated PEC solar cell shows 

conversion efficiency 0.10940 %. 
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A B S T R A C T   

Gout is the world’s most popular inflammatory arthritis and the prevalence of gout is rapidly rising worldwide. 
Typically, gout develops in a single joint as excessive swelling and intense pain wherein excessive deposition of 
uric acid (UA) crystals results in inflammation of the joint. Accordingly, UA is considered an effective biomarker 
to diagnose gout. Recently, the use of innovative sensors has attracted great attention, as it is effortless, 
responsive, quick, and powerful. While the traditional sensors for UA assessment are widely used, they pose 
many limitations and hurdles in terms of sensitivity, selectivity, and simplicity. In this vein, metal ions and 
organic ligand-based metal–organic framework (MOF) have gained much attention for the recognition of UA due 
to its larger surface area, porosity, high sensitivity, and defined selectivity. In this review, we provide details on 
the latest developments of MOF-centered biosensors for sensitive detection of UA. The status of gout, funda
mentals of MOF, and MOF availed for detection of UA have been elaborated. Besides, we highlighted the 
nanoparticles and conjugates that rely on advanced strategies along with MOF that boost the sensitivity and 
selectivity towards the UA. Interestingly, different surface architectured MOFs biosensors showed a lower 
detection limit for UA from μM to nM. Finally, the threats and potential opportunities for MOF-based UA bio
sensors have been summarized. Therefore, based on ongoing research, the commercialization of this advanced 
platform for the biosensing of diverse biomarkers will open a new door for the in vitro diagnosis of assorted 
diseases.   

1. Introduction 

From its inception, arthritis is a severe health issue of a joint in 
almost all developed and developing nations. Arthritis is a term that 
derives from the Greek word “disease of the joint.” Commonly, it can be 
stated as acute inflammation or chronic inflammation of the joint that is 

sometimes with the effect of pain and sometimes co-exists with struc
tural damage [1]. As many as 100 classes of arthritis have been char
acterized according to the research. Generally, it can be classified into 
two type’s namely non-inflammatory arthritis and inflammatory 
arthritis. In the first category, non-inflammatory arthritis is commonly 
known as osteoarthritis, while inflammatory arthritis is categorized 
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based on the causes of inflammation. Especially, it involves the 
inflammation due to crystal deposition. For example gout, basic calcium 
phosphate disease and pseudogout. The second causative agent of in
flammatory arthritis is autoimmune processes that results in psoriatic 
arthritis, rheumatoid arthritis, and ankylosing spondylitis. Additionally, 
infection due to crystal deposition also results in various inflammatory 
arthritis, such as Lyme’s arthritis and septic arthritis [2]. From the 
beginning, different laboratory testing, and radiographic evaluation are 
commonly employed for the diagnosis of arthritis. Interestingly, it is 
based on the classification of arthritis and its severity. Additionally, 
inflammatory arthritis can be confirmed using the concentration levels 
of biomarkers in body fluids. In the context of biomarkers-based diag
nosis, the anti-nuclear antibodies, UA, autoantibodies, rheumatoid fac
tor, etc. are facilitating the precise diagnosis of arthritis at an early stage 
[2,3]. As we know, there are>100 types of arthritis and accurate diag
nosis of arthritis is a prerequisite before starting the antiarthritic treat
ment. In recent times, advanced prognosis and diagnosis techniques are 
contributing to the main role. For example, the application of biosensors 
facilitated the accurate diagnosis and prognosis of arthritis. Accordingly, 
it helps to classify arthritis and provides an early diagnosis of arthritis 
[2]. Regardless of advanced technologies and management facilities for 
arthritis, the prevalence of gout has been significantly increased in the 
last two decades [4]. As a result, it is important to accurately diagnosis at 
an early stage so as to effectively treat gout. Therefore, the prevalence, 
distribution, treatments, and techniques of in vitro diagnostics are 
addressed in the next section. 

1.1. Gout 

Gout is a common form of crystal-induced arthritis [5], which is 
derived from the Latin word ‘gutta’ [6]. Abundant literature suggests 
that the precipitation of crystals of monosodium urate (MSU) in the 
joints and soft tissues trigger a flamboyant inflammation that results in 
gout [5,7,8]. As per published literature, the prevalence of gout is 0.58% 
to 2.89% of the total population. More specifically, the estimated 
prevalence of gout is less than 1% to 6.8% (per 1000 peoples)[9]. 
Moreover, statistical data indicated that gout affects 3% to 6% of men 
and 1% to 2% of women in western nations [10]. In the case of Asian 
countries, the prevalence of gout can rise to 10% in the future. On the 
other hand, the prevalence of gout varies with the age factor. As per 
literature, the overall severity in men is up to 10% and up to 6% in 
women over the age of 80 years. This data indicates a higher prevalence 
rate of gout in men (2–6 folds) as compared to women [7]. Besides, the 
prevalence of gout is also shown in the region-wise alteration. In the case 
of developing nations such as India, about 65% of gout patients are from 
rural areas [11]. Unfortunately, the prevalence of gout in India is un
ambiguous [6]. As per literature, various factors are serving to increase 
the prevalence of gout. Globally, the prevalence of gout is expected to 
multiply exponentially due to inadequate eating habits, including fast 
food, lack of physical activity, rising obesity, and metabolic syndrome 
[7,9]. Therefore, gout has gained much attention in the last couple of 
decades as understood from the gradual increase in the number of 
publications published until 2020. A total of 19,488 papers were pub
lished as per the PubMed database [12]. Fig. 1A depicts the number of 

Fig. 1. Bar chart showing the number of papers published on gout (A) and MOF (B) every year as of given in PubMed.  
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papers published on gout every year as per the PubMed database. The 
literature survey divulged that the clinical scenario of gout is split into 
gouty arthritis, asymptomatic hyperuricemia, acute intercritical period, 
and chronic tophaceous gout [7]. Over the past 15–20 years, the hos
pitalization rates for gout have expanded by 50% to 100% in the 
developed nations including the United Kingdom (UK), United States 
(US), Sweden, etc. Taken as a whole, the appropriate prognosis and 
diagnosis of gout is an urgent need for society [8]. The diagnosis of gout 
has relied on laboratory investigation and radiological features [13]. 
The clinical diagnosis includes an assessment of various stages of gout 
such as asymptomatic hyperuricemia and acute gouty attack. The later 
stages include intercritical period and, finally chronic tophaceous gout. 
In the case of laboratory investigations, the serum UA (SUA) level is an 
important parameter to conclude the state and type of disease. More 
precisely, gout will grow every year by 0.09% in patients with SUA 
levels ranging from 7 mg/dL to 7.9 mg/dL. Only 0.4% may develop gout 
in patients with SUA levels between 8 mg/dl to 8.9 mg/dl, while 0.5% of 
the patients’ group might have gout with hyperuricemia over 9 mg/dl 
SUA level [14]. As per the literature, an increase in the concentration of 
UA in the body fluids from its normal concentration level of about 1.5 
mg/dL to 6.0 mg/dL for women, and about 2.5 mg/dL to 7.0 mg/dL for 
men is related to various medical conditions like gout, hyperuricemia, 
and kidney disease [15]. In general, the normal values of UA in the urine 
and blood should be 2 × 10-3 mol/L and 1.2–4.5 × 10-4 mol/L, respec
tively [16,17]. There is a dire need to resolve the issue of gout and 
related arthritis. The literature survey suggested that MSU pathogenic 
crystals can be dissolved into body fluids, which suppress the symptoms 
of gout and other related diseases [18]. Unfortunately, this method is 
suffers from some failures that may be due to a weak adherence to urate- 
declining medicines, which emphasizes the need for proper education to 
patients [7,18]. Recently published literature revealed the golden 
diagnostic standard for gout. It is based on the detection of MSU crystals 
by the polarized light microscopic technique in the synovial fluid [7]. 
The imaging strategies such as ultrasonography, conventional radiog
raphy, magnetic resonance imaging (MRI), positron emission tomogra
phy (PET), nuclear scintigraphy, conventional computed tomography, 
and dual-energy computed tomography are also reported for the diag
nosis of gout [7,13]. However, all these methods are costly, time- 
consuming and requires expertise to handle and diagnose. Therefore, 
the trend of disease/disorder diagnosis has shifted to in vitro diagnosis 
using specific biomarkers [19]. In this perspective, various others 
methods have been reported for the assessment of UA in the body fluids. 
Therefore, in this subsequent section, we have summarized UA and its 
detection techniques. 

1.2. UA as a gout biomarker 

The study of an analyte and its biological significance is the primary 
step for the clinical diagnosis of diseases. It means the alteration in the 
level/concentration of biological analytes in the body fluids is a prime 
indication of different pathological manifestations [20]. As we know, 
gout is a disorder related to purine metabolism, wherein the end product 
of this metabolism is UA (2,6,8-trihydroxypurine), a predictor or 
biomarker of gout [21]. In general, UA is a natural antioxidant and is 
excreted by the kidneys through urine [15]. As per literature, UA 
(crystalline compound) was discovered in the kidney by Carl Wilhelm 
Scheele in 1776 [16]. Principally, the increased UA accumulation and/ 
or decreased excretion in humans is associated with gout and hyper
uricemia pathogenesis [13,21]. The susceptibility of the vascular and 
synovial membrane leads to the accumulation of UA crystals in the 
joints. Consequently, it affects the peripheral joints such as the big toe 
[7]. An abundant piece of literature divulged that the excessive pro
duction of UA is a consequence of a deficiency in the enzymes that 
contributed to purine metabolism. Furthermore, purine-rich foods such 
as animal and marine foods are playing a principal role in increasing the 
precursors of UA [22]. Based on the research findings, UA is widely 

preferred as a biomarker for the precise diagnosis of gout and other UA- 
associated health issues. Therefore, the assessment of the UA is the 
foremost step for the prognosis and diagnosis of gout and other UA- 
related health conditions. Owing to the need for routine measure
ments of UA, several research groups are working on biosensing and 
other strategies. Out of these methods, a few of them are highly sensitive 
and selective, which assess UA in the body fluids in vitro [15,23,24]. 
Specifically, the literature survey claimed that the enzyme-based assay 
format for UA assessment is the most accepted method in the biomedical 
field [25]. Although it is a commonly used procedure, it has a lot of 
drawbacks such as intruding with various biological analytes (bilirubin, 
ascorbate), strict pH requirement, high cost of enzymes, a longer incu
bation period (30 min), and less precision [26]. As per literature, the 
healthy person contains the 0.13–0.46 mM concentration of UA in serum 
and 1.49–4.50 mM concentration of UA in urine. As we recognize, the 
high (abnormal) level of UA in serum (termed hyperuricemia) is asso
ciated with arthritis and other diseases, whereas a low level of UA in 
serum is termed hypouricemia that is relates to multiple sclerosis. In 
conclusion, there is great importance of quantitative assessment of UA in 
serum and urine samples for clinical diagnosis in various associated 
diseases [27]. Significant growth in the biosensing sector was achieved 
over the last few years. Fascinatingly, several research articles on gout 
biosensing mentioned that the utilization of capillary electrophoresis, 
ultra violet (UV) spectroscopy, electrochemical sensor, chem
iluminescence, and fluorescence could provide a precise assessment of 
UA in biological samples. Despite the notable merits of mentioned 
methods, all these techniques are suffering from several demerits 
including cost factor, speed, selectivity and sensitivity. For this reason, 
there is a limitation for successful applications in the diagnosis of gout. It 
could be overcome using suitable methods, which contains the aptitude 
of precise detection of UA [20]. Briefly, UA is an excellent biomarker for 
gout, and various types of techniques such as spectroscopic, electrical/ 
electrochemical, and optical methods can measure the concentration of 
UA in clinical samples. Despite such remarkable development in the 
clinical analysis, there are still major challenging issues such as sensi
tivity, selectivity and detection speed for UA analysis. Hence, there is a 
need to design advanced biosensors for precise recognition of UA in 
complex samples. 

2. Advanced biosensor for UA detection 

A tool for the identification and quantification of metabolites/bio
markers is a fundamental route in diagnosing diseases or disorders in a 
rapid, simple, and accurate manner [15,28]. An elevated UA level in 
different body fluids is related to many medical problems and one of 
them is gout. Because of this, UA levels in body fluids must be regularly 
monitored. In this background, new analysis techniques have made 
significant developments for the detection of UA. A few techniques such 
as high-performance liquid chromatography (HPLC), chemical spectro
photometric analysis, enzyme electrode analysis, etc. are widely used in 
the UA assessment in the clinical sector and research fields [15]. The 
applications of different nanomaterials in the fabrication of biosensors 
are gaining much interest from scientific fraternities. Specifically, these 
nanomaterials include carbon materials, metal nanoparticles, and metal 
oxides. [28]. The application of various nanomaterials can offer several 
unique and utmost properties such as larger surface area, maximum 
binding sites for bioconjugation, and fast electron transfer, which are the 
prime requirements of the sensors [29]. Recently, a 2D form of MOF 
nanostructure has become a choice of nanomaterial for the development 
of a superior sensor for biological and chemical sensing that provides the 
boosted performance in terms of sensitivity, selectivity, detection speed 
and simplicity [30]. In this section, we have discussed advanced nano
architectured MOF synthesis, properties of MOF, and different types of 
MOF for biosensing of UA. 
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2.1. MOF as an advanced nanomaterial 

A plethora of the literature suggested that 2D forms of nanomaterials 
have become a common research subject for scientists, particularly for 
designing different types of biosensors for biomedical applications [29]. 
Among 2D nanomaterials, the development of MOF has attracted the 
attention of research scholars for the last few years. Notably, it may 
because of their tunable and versatile properties, which include thermal 
properties, chemical properties, and physical properties [31]. Interest
ingly, MOF is a division of advanced materials produced using special 
types of metal ions and appropriate organic linkers or ligands [30]. 
Fig. 2 demonstrates the schematic representation of MOF synthesis. 
According to the literature, MOF has chemical and structural properties 
that make them a worthy alternative for the assessment of the concen
tration of biomarkers in body fluids. In the case of self-assembly of MOF, 
several organic ligands (building blocks) have been employed to design 
it. Along with an organic linker, different metals can also be incorpo
rated into the MOF structure. MOF shows flexibility in properties 
through modifications of the original design. This provides good selec
tivity and high sensitivity towards the interest biomarker [32]. Gener
ally, the organic ligand is composed of aromatic rings that can provide 
the ability to link with numerous functional groups [32,33]. The affinity 
receptors can improve the sensitivity and selectivity of biosensors for the 
recognition of the analyte [28]. Similarly, the incorporation of specific 
receptors can improve the performance of MOF-based biosensors in 
terms of sensitivity, and selectivity. [34]. The fabrication of MOF-based 
biosensor can be a new substitute for previously used nanomaterials for 
the fabrication of biosensors. Interestingly, the conjugated nano
structure, surface functional groups of MOF, larger surface area, porous 
nature can boost the overall performance of MOF-based sensors [33]. 
Due to its uniqueness, several studies have used MOF as an alternative 
substituent for carbon-based biosensing materials [35,36]. Since Yahgis 
et al. published the first study concerning these coordination polymers in 
1994, MOF publications have risen exponentially. In 2002, the first 
sensors associated with MOFs were released. The first MOF-based 
biosensor example was identified in 2008 [37]. There has been a 
gradual enhancement in the number of publications published until 
2020. A total of 15,829 papers were published as per the PubMed 
database [12]. Fig. 1B depicted the number of papers published on MOF 
every year as per the PubMed database. There is an urgent need to 
develop a device for rapid, easy-to-use diagnostics to identify, distin
guish, and quantify UA in gout diagnosis and therapy. To date, only a 
few studies have constructed MOF-based sensors to identify UA 

concentrations directly. In the future, MOF-based biosensors would be 
an interesting area for researchers to design the exceptional biosensor 
for detection of interest biomarker [27]. In the following subsection, we 
have added a brief discussion on the properties, synthesis of MOF and 
types of MOF for designing of biosensors for detection of UA. 

2.1.1. Properties of MOF 
The engineered MOFs are composted on organic ligands and contain 

aromatic ring structures that can be functionalized using diverse func
tionalities. The highly conjugated nanostructure and unique function
ality of MOF provide magnificent biosensing applications (Fig. 2). It has 
been divulged that a highly conjugated nanostructure and the presence 
of different functionalities could help provide fluorescence properties to 
the MOF. The fluorescence characteristics of architectured MOFs are 
mainly sensitive to environmental changes, which opens a new avenue 
for biosensing. Architectured MOF-based nanomaterials have great 
promise as exceptional fluorescent biosensors for recognition of interest 
analyte [33]. Furthermore, the introduction of specific functional 
groups into MOF can help to boost the sensitivity and selectivity of 
biosensors [38,39]. Moreover, it provides the highest specificity to 
target clinical samples [38]. The published studies demonstrate that the 
synthesized MOF is a unique and highly porous nanostructure. There
fore, MOF is also called a ‘porous coordination network’. Generally, 
MOF is considered a multifunctional hybrid material with tunable 
porosity and diversified functions. Primarily, it may due to the presence 
of organic linkers, and inorganic metal ions. Because of this, it has 
become a wide division of high-porous crystallized materials (up to 90% 
free volume). In addition, it exhibited a variety of features that includes 
thermal stability, ultra-low densities, a distinct ordered structure, a wide 
surface area (>6000 m2/g), etc. [40]. Based on these properties, several 
types of MOF-based sensors have been fabricated for chemical and 
biological sensing. Nowadays, MOF-based electrochemical sensors have 
been majorly preferred for the detection of the target molecule in 
complex samples. Briefly, the suitable electrode could be designed by 
using numerous types of MOF followed by appropriate modifications. 
However, there are some foremost limitations for the development of 
electrochemical biosensors using MOF. Especially, the low conductivity 
of MOF affects the overall presentation of the sensor. The low conduc
tivity demerits of MOF resulted in the development of various advanced 
MOFs. Along with that, suitable nanocomposites of metal nanoparticles 
(platinum nanoparticles), a carbon-based material, metal oxides, etc., 
have been used for the fabrication of highly sensitive and selective 
electrodes. MOF composites demonstrate enhanced efficiency of an 
electrochemical biosensor. MOF containing countless pores helps to 
introduce metal nanoparticles or carbon molecules into the inner nano- 
space. Interestingly, it assists to build MOFs as wonderful representa
tives for the fabrication of electrochemical sensors by integrating such 
advanced nanomaterials. Additionally, the shape and size of MOF also 
help in the incorporation of guest molecules into the MOF nanostructure 
[41]. As per literature, different organic ligands in MOF can be trans
formed into pristine carbon nanomaterial through controlling thermal 
decomposition conditions without using supplemental carbon pre
cursors. Owing to the remarkable merits of MOF, the enzyme immobi
lization on the surface is requirements in the MOF-based sensor are 
simplified. Possibly, it may due to the larger network of nanosized holes 
plus cavities produced in MOF nanomaterial during the thermal 
decomposition method. The porous nature of nanocavities helps to in
crease the enzyme loading in the MOF-based biosensor [42]. Recently 
reported nanomaterial contains enzyme-like properties that are 
commonly known as nanozyme. It is an attention-grabbing field for the 
development of different types of the sensor without the need of en
zymes for sensing of the target. Importantly, the electrochemical 
nanozyme (i.e.nanomaterial with enzyme-like properties) [43] centered 
biosensors require a very conductive and discriminatory architecture. 
Consequently, there is a massive obstacle in managing an efficient 
arrangement of binding sites and appropriate structures. MOFs 

Fig. 2. Schematic representation of the MOF synthesis using metal ions and 
organic linkers. 
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containing greater metal ion content, ordered cavity, customizable 
chemical characteristics, etc., act as organized catalysts for building 
porous metal–carbon hybrids. Therefore, MOF-based nanozymes have 
been utilized for the fabrication of biosensors [44]. Several studies 
confirmed that the MOFs are biocompatible and chemically stable. Be
sides, several reports suggested that most of the MOFs are biodegradable 
[30,45]. Therefore, MOF can be efficiently used in numerous biological 
functions [45]. In conclusion, MOF is a distinctive nanomaterial that is 
gaining much attention from researchers in several fields, including 
industrial development, the environment sector, and the biomedical 
area [46]. 

2.1.2. Synthesis of MOF 
In the last few years, several types of MOFs have been examined for 

biomedical applications. Principally, MOFs are available in different 
shapes/frameworks and compositional elements. The size, shape, and 
composition of MOFs are important parameters that affect the entire 
performance of the sensor. Therefore, the size and shape of MOF must be 
monitored by selecting appropriate techniques, suitable combinations, 
and antecedents [47]. As per previously reported studies, several 
methods have been reported for MOF synthesis that offers feasible size, 
large surface area, good surface morphology, etc. Interestingly, the 
above-mentioned properties of MOF play a vital role in the sensing of the 
interest analyte. This results in high sensitivity and good selectivity in 
complex clinical samples. The main rationale of MOF designing is to 
construct tunable shape as well as surface morphology that relies on 
several factors. Fig. 3 shows various methods for the synthesis of MOF- 
based nanocomposites. Temperature (or heat) application is an impor
tant parameter in the conventional synthesis of MOF that depends on the 
synthesis environment. In general, heat-dependent MOF synthesis is 
classified into two types: solvothermal methods and non-solvothermal 
methods. In short, the solvothermal method-based production of MOF 
relys on solvents like water, whereas, the non-solvothermal method 
includes a solvent with a higher boiling point [30]. The second MOF 
synthesis method is microwave-assisted MOF synthesis that includes 
several imperative factors that aid in the synthesis of nano-sized MOF. 

The solvent preference for MOF synthesis is based on the microwave 
absorption ability of the solvent. Moreover, it requires efficient heating 
for the fabrication of nanoarchitectured MOF. On the whole, it is 
mandatory to utilize a suitable vessel of the desired capacity for MOF 
synthesis [48]. The third method for MOF synthesis is electrochemical 
synthesis of MOF wherein different metal ions are used that perform the 
role of the anode side. The selective ligand/linker molecule is further 
dissolved into the prepared reaction mixture in the presence of an 
electrolyte. In this method, metal ion accumulation from the anode onto 
the cathode can be suppressed through the application of selective protic 
solvent in the final reaction blend. This electrochemical method can be 
utilized for the non-stop manufacturing of MOF [49]. The fourth type of 
MOF synthesis is a sonochemical synthesis of MOF in which the high- 
energy ultrasound is used for the preparation of the MOF reaction 
mixture. Unfortunately, the application of sonochemical methods for the 
construction of MOF is quite limited. As per the literature, only a few 
MOFs have been engineered using this method [30]. Furthermore, the 
fifth MOF synthesis method is a mechanochemical synthesis of MOF 
wherein the mechanical energy is utilized in the reaction to produce the 
MOF. It relies on the mechanical brake of the intramolecular bond along 
with the chemical transformation. It can be performed at room tem
perature in the absence of solvent [30,50]. Therefore, based on suit
ability, the tunable MOF can be synthesized using a different method. In 
conclusion, by using above-mentioned methods, numerous MOFs have 
been synthesized for the biosensing application of UA. In the next sec
tion, we have discussed different MOFs utilized in the designing of MOF- 
based various sensors for UA sensing applications. 

2.2. MOF based sensor for biomedical applications 

Recently, plenteous research articles have been published on the 
account of MOFs-based sensors highlighting their applicability in 
several fields including biomedical, chemical, environmental, etc. 
[30,51]. As per the literature, 2D and porous MOF are also of high in
terest in future renewable energy applications. Taken as a whole, in 
recent times, more and more MOF applications are gaining popularity in 

Fig. 3. Schematic representation of MOFs synthesis using different precursors and synthetic routes for biomedical applications.  
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thin-film tools, cancer biomarkers, drug delivery, therapeutics, and 
bioimaging (Fig. 3) [30,52–54]. Despite this, there is a further need for 
advancement in terms of sensitivity, selectivity, etc. In the future, the 
applicability of MOFs can expand into popular areas such as biomedi
cine, and biosensors. In this perspective, the incorporation of new or 
ideal functionality into the MOF framework is contributing to notable 
merits in recent times [55]. Plenty of literature suggested that the 
addition of specific functional groups (recognition sites) into MOF can 
boost the overall performance of the sensor in terms of sensitivity, 
specificity towards the interest target [39,56–58]. For example, amine- 
functionalized cerium based MOFs (Ce-MOFs) [59], nitrogen oxide 
(NO2) functionalized zirconium-based MOFs [Zr-MOFs or UiO-66-NO2 
(Universitetet i Oslo = UiO-66)] [60], amine-functionalized Zr-MOFs 
(NH2-Zr-MOFs or UiO-66-NH2) [61], zinc metal ion and 2-amino-1,4- 
benzene dicarboxylate (NH2BDC) linkers based amine-functionalized 
MOF (MOF-46) [62], etc., have been widely used for sensing of the 
UA that offers higher sensitivity and selectivity. Organic MOF ligand 
typically includes aromatic rings and can bind easily with different 
functionalities. Additionally, the literature mentioned that the highest 
combined frame and functional sides in MOF could provide remarkable 
fluorescence efficiency. The fluorescence properties of MOF-based dye 
conjugates or doping with fluorescent material are extremely suscepti
ble to environmental changes. Consequently, MOF with such pristine 
material is capable of designing fluorescent sensors that can focus on 
different targets [27]. There are several examples of MOF utilized in the 
biomedical field for biosensing applications especially gout. Out of all 
MOFs, phosphonate MOF (MIL-91, MIL: Matérial Institut Lavoisier) 
[63], Lanthanide MOF (Ln-MOF) [64–66], Ce-MOF [67], and Thorium 
MOF (Th-MOF) [46] are preferred for UA detection. In addition, the 
Zeolitic Imidazolate Framework-67 (ZIF-67), Zeolitic Imidazolate 
frameworks-8 (ZIF-8) [68], Terbium (Tb)-158 MOFs (ZJU-158-Tb, ZJU 
= Zhejiang University) [69], Zr-MOF followed by post-synthetic modi
fication (UiO-PSM), Europium (Eu) based MOF (Eu-MOF) [70] are re
ported for the highly sensitive and selective detection of UA. As per 
literature, standard nanocage-like MOF, namely MIL-101, has sufficient 
inter-connected three-dimensional (3D) cavities and it can be accessible 
by small pore windows. This structural characteristic allows the analyte 
transport using the interface of electrolyte/electrodes. Additionally, the 
excellent porous nature of MOF is also helping to prevent the aggrega
tion of metal nanoparticles. Therefore, the incorporation of metal 
nanoparticles into porous MIL-101 provides high conductivity as 
compared to the bare MOF and thus results in a high sensitivity towards 
the target biomarker. In addition, the MIL-101 provides a larger surface 
area that offers a number of binding sites to interest analytes from 
clinical samples. Overall, the application of MIL-101 is more construc
tive in the development of electrochemical sensors with improved per
formance [71]. Ln-MOF has gathered great interest in research due to its 
features. It is synthesized by coupling of ‘Ln’ ions to conventional MOFs. 
Ln-MOF is used for a variety of applications including biosensor de
velopments. Ln-MOF offers several merits in terms of porosity, lumi
nescence, and magnetism. In addition, it demonstrates superb 
luminescence property that may because of the narrow emission and 
excellent color purity. The charge-transfer transitions (for example: 
metal–ligand charge transfer and ligand-to-metal charge transfer), inner 
shell containing 4f–4f transitions, 4f–5d charge transfer are the types of 
electronic transitions that plays an imperative role in luminescent 
properties of Ln-MOF. Literature survey divulged that the luminescent 
emission of different Ln-MOF such as Eu3+ (red light), Tm3+ (blue); 
Sm3+ (orange); Tb3+ (green), etc. In addition, Ln-MOF containing all 
framework components helps to heighten the luminescence property of 
MOF. Therefore, the development of a stable luminescent MOF, i.e. Ln- 
MOF has gained huge importance for sensing various biomarkers or 
metabolites [63]. Nowadays, the phosphonate-based Ln-MOFs MIL-91 
(Al: Eu) (Al: Aluminium) and their derivative forms are broadly used 
in medicine and life sciences that may due to their good stability and 
excellent luminescent properties [64–66]. A phosphonate-based MOF is 

furnished with distinguished stability as compared to the carboxylate 
MOF. Therefore, it can be used with several chemicals containing media, 
for example Cu2+@MIL-91(Al: Eu) (Cu: copper). According to the data, it 
offers the potential of an On-Off-On sensing mechanism in the presence 
of an interest analyte. The literature survey suggested that the designed 
form of Cu2+@MIL-91(Al: Eu) MOF provides high selectivity, admirable 
sensitivity, good structural and fluorescence stability [63]. Yet another 
type of Ln such as Tb and Eu-based MOFs (Tb/Eu-MOF) nanomaterial is 
also an attraction-grabbing type of MOF. It offers outstanding fluores
cent properties and multiple coordination sites. Therefore, lead to the 
fabrication of fluorescent probes with towering performances in terms of 
sensitivity and selectivity towards the target biomarker [70]. Ce-MOF is 
recently reported as a new type of MOF for sensing applications. Inter
estingly, the Ce-MOF showed excellent biocompatibility and ability of 
the oxygen vacancy formation. This oxygen vacancy helps to form Ce3+

ions that offer elevated electrocatalytic characteristics. Besides, the high 
isoelectric point at neutral pH provides a positive surface charge that can 
lead to the binding of the opposite charge analyte. Nowadays, the Ce- 
MOF with 2D carbon materials has been reported for sensing of target, 
which increases overall surface area, electric conductivity and decreases 
the cost of fabrication of electrochemical biosensors [67]. In recent 
times, the ZIF-67 based MOF is also majorly used for designing enzymes 
(termed as nanozyme) by the use of pyrolysis with different metal ions. 
Recently reported methods claimed that the tunable properties of ZIF-67 
could provide several numbers of catalytic sites, porous carbon, or order 
cavity, a high number of metal ions. Consequently, it gives the highly 
active nanozyme electrochemical probe for biomarker sensing [44]. The 
bimetallic ZIFs (BMZIFs) is a combination of isoreticular MOF-8 
(IRMOF-8) and ZIF-67 that is synthesized through a direct carboniza
tion process. It is appealing that the combined form of this bimetallic 
MOF provides a larger surface area and high pore volume. Besides, it 
also provides good catalytic activity, and therefore, it enhances the 
overall conductivity and high sensitivity towards the target marker. Due 
to these outstanding properties, BMZIFs are majorly used in the 
designing of MOF-based electrochemical biosensors [68]. The advanced 
form of Zr-based MOF along with the primary amino group on its ligand 
is termed UiO-66-NH2 [72], which furnishes marvelous chemical sta
bility as well as water stability. Moreover, UiO-66-NH2 offers the un
saturated coordination metal (Zr) active sites that permit the highly 
sensitive plus selective recognition of UA. In addition to the merits of 
MOF, there is a need for selective functionality on the surface of MOF. 
Recently existed PSM of MOF is playing a momentous role in the bio
sensing arena. In the case of PSM, different ligands or functional groups 
inserted into the skeleton of MOF offered specific detection sites and 
high fluorescent properties. Fascinatingly, the UiO-66-NH2 containing 
primary amino functionalities helps to process MOF to PSM using 
different functional groups such as 2-picolinic acid (2-PA). The PSM of 
MOF offers high sensitivity and selectivity towards the analyte. 
Concisely, the fabrication of UiO-66-NH2 based on different types of 
biosensors will open a new era for research fraternities [27]. In 
conclusion, with high sensitivity, good stability, and biocompatibility, 
precise selectivity can is achieved through designing advanced material- 
based MOF. Additionally, the MOF can be modified into different types 
of biosensors such as luminescent biosensors, electrochemical bio
sensors, colorimetric biosensors using different conjugating materials 
such as dyes, functional groups, and fluorescent materials. On the whole, 
MOF-based sensors have received more attention in biomarkers and 
chemical sensing [34], which may due to the assorted benefits such as an 
easy fabrication process, low cost, high sensitivity, and good selectivity 
[27]. In the future, the applications of MOF-based sensors in the 
biomedical field will open a new window. In the next section, we pre
sented the advancements in MOF-based different biosensors for highly 
sensitive and selective UA detection in real-time clinical samples. 
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3. Applications of MOF biosensor for UA detection 

Modern MOF manufacturing techniques have enabled the prepara
tion of more precise, durable, and sensitive biosensors [37]. In this re
view article, we have discussed different MOF-based biosensors such as 
luminescent/fluorescent biosensor, electrochemical biosensors, colori
metric biosensors for UA sensing applications. 

3.1. Fluorescent biosensor 

The fluorescence-based assay is a very effective method for the 
analysis of interest targets, because it provides merits such as rapid 
detection, low cost, ease to use, high sensitivity, and selectivity [27]. 
Many research groups have reported the detection of UA in serum. 
Nevertheless, the maximum (up to 60% to 70%) concentration of UA 
excreted from the body is through urine. Therefore, there is a need to 
develop a new biosensor for the detection of UA in the urine sample 
[63,73]. Ln-MOFs offer much perspective for biosensing of different 
disease/disorder biomarkers due to their remarkable optical properties. 
These optical characteristics of Ln-MOFs depend on an immense 
network of coordinate bonding between organic ligands and ‘Ln’ ion 
centers. The luminescence property of Ln-MOF has drawn considerable 
interest among the many biosensing studies of novel functional MOFs for 
their conspicuous fluorescence properties. Notably, it may due to the 
trivalent ‘Ln’ ions (Ln3+) containing plentiful 4f − 4f transitions. It also 
allows the prospects of exploiting ‘Ln’ cations containing luminescence 
performance, including extensive emission lifetimes with sharp and 
distinctive line emissions. Lian et al., synthesized MIL-91(Al: Eu) MOF 
and their Cu2+@MIL-91 (Al: Eu) (derivative composite) by the hydro
thermal method using piperazine derivative ligand (N, N′-piper
azinebismethyl phosphonic acid) as an alternative to the carboxylic 
ligand (Fig. 4). The MIL-91(Al: Eu) containing luminescence hereby 

ascribed to the conversion of energy from excited energy levels of an 
organic ligand to the ground state of the ‘Ln’ ions. Eu3+ demonstrated a 
sharp and strong emission, whereas the presence of UA could not affect 
the MIL-91(Al: Eu) fluorescence. On the contrary, the Cu2+@MIL-91 (Al: 
Eu) derivative showed no fluorescence emission, whereas the addition of 
Cu2+ resulted in the quenching of ‘Eu3+’ luminescence and later 
rebounded in the occurrence of UA. As a result, these engineered MOFs 
showed low limits of detection (LOD) of 1.6 μM/L, whereas the con
centration range for this sensor was found to be 10–1200 μM/L (R2 =

0.991). The Cu2+@MIL-91 (Al: Eu) composites could be exploited to 
monitor UA that may due to the regeneration of luminescence in UA. 
Finally, the real urine samples containing UA detection confirmed the 
application of Cu2+@MIL-91 (Al: Eu) in the diagnosis of hyperuricuria. 
In addition, the Cu2+@MIL-91 (Al: Eu) based test paper confirmed the 
presence of UA in the urine, wherein the urine with a UA (1000 μmol/L) 
exhibited relucent red. Furthermore, the demonstration of different 
fluorescent colors of Cu2+@MIL-91 based test paper confirmed the 
presence of UA in the urine through naked eyes. It showed high selec
tivity towards the UA in the presence of urea, creatinine, sodium chlo
ride, and other urine chemicals. On the whole, Cu2+@MIL-91 (Al: Eu) 
based powders and test papers can be used as a promising fluorescent 
biosensor to identify the UA in clinical urine samples [63]. 

Yet another similar line of work reported the use of Ln-MOF-based 
luminescent sensor for ultrasensitive and selective detection of UA, 
and other metabolites such as hippuric acid (HA), unrinyl thiodiglycolic 
acid (TDGA), and 1-naphthol (1-N) in the urine. Briefly, six new Ln- 
MOFs have been prepared namely [Eu2(tyia)3(H2O)3]n (1) and 
{[Ln2(tyia)3(H2O)3]*3H2O}n, wherein Ln = Terbium (Tb, 2), Dyspro
sium (Dy, 3), Samarium (Sm, 4), Gadolinium (Gd, 5) and Neodymium 
(Nd, 6) using 5-(triazol-1-yl) isophthalic acid (H2tyia) and lanthanum 
(III) nitrate hexahydrate [Ln(NO3)36H2O] through hydrothermal reac
tion. The synthesized MOF composites showed the Ln3+ ions 

Fig. 4. Ln-MOF-based On-Off-On fluorescent biosensor for UA detection and hyperuricuria diagnosing. [Reprinted with permission from ref [63]. Copyright 2017, 
American Chemical Society.] 
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luminescence emission peak at different wavelengths along with the free 
ligand. As a result, the MOF-based compounds have been used as a 
luminescent probe for the detection of UA and other metabolites in urine 
samples. It has been observed that compounds’ surface morphology does 
not alter after and before the sensing experiments, which concludes that 
the other chemicals present in the urine show minute effects on the 
emission of compounds 2, 4, 5, and 6. Finally, these compounds provide 
the LOD for UA, 1-N, TDGA, HA about 0.49, 5.5, 1.7, and 4.6 μM, 
respectively. The linear concentration range was found to be 0–64 mM. 
Moreover, it provides good reversibility, regeneration, and excellent 
selectivity. Therefore, in the future, the MOF-based 2, 4, 5, and 6 com
pounds can be used as a promising material for the fabrication of fluo
rescent biosensors for the detection of UA, other urinary metabolites, 
and chemicals [74]. 

To date, several MOF-based sensors have been developed in an 
organic solvent and not in practical aquatic media. A real applications 
sensor, it has to be precise, fast, and best with a clear demonstration, like 
a color shift. A recently published original work claimed that a newly 
premeditated Tb-MOF could give the nM sensing of UA based on the 
luminescent turndown phenomenon. Tan et al., synthesized novel Tb- 
MOFs (Me2NH2)2[Tb2(L)2]⋅(H2O)6 [(ZJU-158-Tb, L = 1-(3,5-dicarbox
ylatobenzyl) − 3,5-pyrazole dicarboxylic acid)] by the solvothermal 
synthesis. The free ligand absorbed the photon and luminescence 
emission (at 435 nm) that may due to the singlet state to ground singlet 
state radioactive transition (π-π*). This MOF resulted in a fluorescence 
mechanism due to the quenching process and the synthesized Tb-MOFs 
showed good water stability. The introduction of UA into MOF sus
pension resulted in the interaction with the linker in MOF pores. This 

quickly quenched at 544 nm (5D4 → 7F5, Tb3+) followed by a decline in 
intensity by adding 0 nM to 1 nM UA concentration. Astonishingly, the 
ZJU-158-Eu suspension was found to be quite sensitive and it showed 
acceptable results for sensing of UA in the provided samples. For a 
moment, ZJU-158-Tb test papers have been designed for biological ap
plications that rapidly monitored levels of artificial, or serum UA that 
were confirmed due to change in color. The practical test paper strategy 
using ZJU-158-Tb for the fast observing capability of abnormal UA has 
shown dark green color at a 500 μM concentration of the UA that can be 
observed by naked eyes. Finally, the sensitivity of ZJU-158-Tb to UA was 
conducted by using different solutions of UA and that showed by Stern- 
Volmer equation and selectivity factor, which is essential for different 
biomolecules ions sensing. This novel MOF platform provided the LOD 
of 7 nM (S/N = 3) and showed a good linear correlation between UA 
concentration from 0 − 100 μM to the luminescent intensity of bio
sensors. Besides, MOF showed a higher selectivity towards the UA in 
presence of metal ions (Na+, K+, etc.) and small biomolecules (urea, 
creatinine, sucrose, etc.). Concisely, the synthesized MOF provided good 
stability, superb luminescence, high selectivity, and sensitivity. In the 
future, it can be a potential substitute for futuristic UA sensing and other 
biosensing applications [69]. As per the literature, enzyme-based UA 
detection suffers from several demerits such as low selectivity, accurate 
pH environment, costly enzymes, long incubation time (up to 30 min), 
and minimal detection accuracy. Interestingly, fluorescence-based sen
sors offer several merits in terms of repeatability, convenience, and cost. 
In 2019, a novel fluorescent sensor has been synthesized from Zr- MOF 
(UiO-66-NH2) followed by functional PSM (UiO-PSM) with picolinic 
acid (PA) through amidation reaction for direct estimation of UA. 

Fig. 5. (A) Synthesis process of UiO-PSM. (B-i) Fluorescence spectra after adding a range of concentrations of UA (0 μM to 400 μM) and (B-ii) fluorescence intensity 
ratios (I0/I) of UiO-PSM after adding a range of concentrations of UA (0 μM to 400 μM).[Reprinted with permission from ref [27]. Copyright 2019, American 
Chemical Society.] 
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Fluorescence investigation showed high selectivity and sensitivity that 
may be due to the quenching mechanism of UiO-PSM, π − π interactions, 
and hydrogen bonding. UiO-66-NH2 was employed because of its 
excellent unsaturated coordination, metal active sites, and (Zr) chemical 
stability. Fig. 5A shows the synthesis of novel UiO-PSM. Interestingly, in 
this biosensor, PSM was found to be an efficient approach to lead 
functional groups with activated sites into MOF to achieve high- 
performing fluorescent sensors. Interestingly, owing to the ligand-to- 
metal charge transfer, UiO-66-NH2 provides fluorescence emission at a 
wavelength of 419 nm. After PSM, it shows a bright blue fluorescence (at 
435 nm) as compared to the plain UiO-66-NH2. The red shift in emission 
wavelength confirmed an improvement in ligand-to-metal charge 
transfer efficiency of MOF. A minor reduction of the fluorescence in
tensity of UiO-66-NH2 was observed, which might be a presence of weak 
interaction among unsaturated metal sites (Zr) and UA. The size and 
cubic morphology of UiO-PSM crystals transformed only a little after 
adding UA. Notably, this biosensor showed a wide linearity in the range 
0.01–400 μM (R2 = 0.9986) with a LOD of 2.3 nM (S/N = 3), which was 
much less than the normal healthy person serum-containing UA. In 
addition, this method had a response time of 1 min (Fig. 5B). UiO-PSM 
sensors showed specific sensing of UA in the presence of glycine, 
glucose, adenine, L-cysteine, Na+, K+, urea, and ascorbic acid. The 
possible mechanism in the sensing of UA is based on the coordination 
among UA containing amino groups and Zr containing unsaturated 
metal sites. Additionally, the UA and UiO-PSM containing π-π interac
tion, coordination, and hydrogen bonding contributed to the fluores
cence quenching mechanism of MOF. After the addition of UA into UiO- 

PSM, the fluorescence lifetime did not change and this assured the UA 
recognition using UiO-PSM through a static quenching mechanism. In 
conclusion, it can be expected that this biosensor has a great potential in 
the detection of UA and related biomarkers of various diseases [27]. 

The organic metal structure functionalization using pyrene for the 
recognition of UA is an alternative substitute of previously reported 
fluorescence sensors using non-enzymatic-ratiometric detection via 
conformational changes in their properties. In a recent study, Dalapati 
et al. developed the pyrene functionalized and Hf-based mixed ligand 
MOF with UiO-66 for UA fluorimetric sensing (Fig. 6A). A mixed ligand 
Hf-MOF (Hf-UiO-66-Py MOF) was developed along with incorporating 
2-(pyrene-1-carboxamide) terepthalic acid (H2L): 1, 4 - benzene dicar
boxilic acid (H2BDC) as a ligand (1:1) that showed high selectivity and 
sensitivity towards the UA. A non-enzymatic and ratiometric sensor 
showed a detection limit of 1.4 µM with a 0–30 μM sensitivity range. It 
offered better sensitivity for UA detection in pure aqueous solution that 
may due to the conformational changes from the excimer into the 
monomer. The presence of a free pyrene functionalized ligand played an 
important role in the conformation changes. The pyrene-functionalized 
ligand in UA sensing revealed that un-functionalized Hf-UiO-66 MOF in 
both conditions (presence and absence of UA) showed as a spectrum of 
fluorescence. This study ultimately showed that fetal bovine serum 
lowered fluorescence when mixed with water compared to the fixed UA 
level. Furthermore, a diluted serum sample with 100 µM of MOF was 
added and that showed a clear appearance of monomeric emission (λem 
= 383 nm and 400 nm) of pyrene with reduced excimer emission (λem =

512 nm) in the presence of UA, which lead to conformational changes. 

Fig. 6. Fabrication of Hf-UiO-66 MOF (A), The Plausible H-bonding interaction among the amide group of the organic linker and the UA containing complementary 
amide group (B). [Reprinted with permission from ref [51] Copyright 2019, American Chemical Society.] 
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This study concluded that the H2L ligand was responsible for the sensing 
mechanism. The structural optimization demonstrated that the amide 
‘O’ atom of preferred organic ligand and amide ‘H’ atom of UA resulted 
in the hydrogen bonding between UA and MOF. Additionally, the MOF 
contained large mesopores properties that helped in diffusing of the UA 
via a pore and that was possible due to the hydrogen-bonding in
teractions. The presence of a high number of H-bonding interaction sites 
in UA offered a rapid fluorescence response as compared to other bio
molecules similar to UA. Therefore, this study suggested that the highly 
selective detection of UA was found, which might due to the hydrogen 
bonding interactions between UA and MOF ligand (Fig. 6B). This MOF 
demonstrated the poor fluorescence intensity into aqueous in contrast to 
the other solvent. Subsequently, it showed a linear correlation between 
the solvent polarity and fluorescent intensity observed from Hf-UiO-66 
MOF. The rise in the polarity of MOF was found due to the rise in the 
hydrogen bonding ability of the selected solvent. It was confirmed that 
the higher polarity solvent decreases the pyrene excimer formation 
through the strong hydrogen bonding that further lead to a proportional 
decrease in the MOF fluorescence. Interestingly, the solvent-reliant 
fluorescent assured the hypothesis of hydrogen-bonding interactions 
during UA biosensing. Furthermore, the small decline in the excited- 
state lifetime values in the case of excimer, and monomer, confirmed 
the interaction between UA and MOF. The recovery of UA in biological 
fluids (spiked UA concentration: 10 μM) namely blood serum and urine 
was found to be 98.7% and 103%, respectively. Finally, the MOF-coated 
paper strip showed the drastic alteration in fluorescence from bright 
green to bluish-green at a 1 mM concentration of UA. Overall, this 
biosensor could be a new and highly sensitive alternative to diagnose 
various UA-associated health issues and can be used for on-site detection 
[51]. 

Several pioneering studies mentioned that the different types of Ln- 
MOFs (Ln = Tb, Eu) have been used for precise recognition of metal ions, 
inorganic and small molecules. The promising interest analyte detection 
can be possible using Ln-MOF that may be because of its coordinating 
modes and remarkable fluorescent properties. In 2020, Han and co- 
researchers designed Ln-MOF Eu2(TDA)4(OOCCH3)2(H2O)2 also 
known as Eu-TDA (TDA = 2,5-thiophenedicarboxylic acid group, 
OOCCH3 = glacial acetic acid group) through the hydrothermal method 
and used for the detection of malachite green (MG) and UA (Fig. 7). It 
showed good thermal stability and exhibited stronger fluorescence in 

ethanol as compared to other organic solvents. Interestingly, Eu-MOF 
offered remarkably high sensitivity plus selectivity towards MG and 
UA along with detection limits of 0.0221 μM and 0.689 μM, respectively. 
Furthermore, the Eu-MOF showed quenching of fluorescence emission 
in the existence of MG and UA. The possible detection mechanisms such 
as spectral overlap, competition, and energy transfer can be involved in 
the detection of UA and MG using Eu-MOF. The individual quenching 
ability of the analyte showed LOD and provided higher selectivity in the 
presence of different metal ions (14 anions and 11 cations). In conclu
sion, Eu-MOF could be used as a substitute for highly sensitive plus se
lective recognition of biomarkers and chemicals such as UA and MG in 
the biomedical fields and the aquaculture industry [70]. 

Xanthine oxidase (XO) helps in the oxidation of hypoxanthine to 
xanthine and then to UA using oxygen as an oxidant. Therefore, it gained 
much consideration from researchers in the diagnosis of UA-related 
health issues. In this context, Zr-based MOFs (BTB-MOF) were synthe
sized using zirconium (IV) chloride and 1, 3, 5-tris (4-carboxyphenyl) 
benzene (H3BTB) that offered stable photoluminescence in a buffer so
lution and pure water. Finally, the assay of xanthine and XO was carried 
out by monitoring the fluorescent intensity at 372 nm. BTB-MOF showed 
an excellent fluorescent response to xanthine and UA (an oxidation 
product of xanthine). Both UA and xanthine affected the BTB-MOF 
emission (quenching) along with many differences in efficiency. It 
provided a linear range concentration of 0.02–4 mg/L and a low LOD of 
0.4 μg/L (0.004 U/L). In addition, it provided rapid detection within 1 
min that confirmed the speedy detection of UA and their related prod
ucts. Moreover, it demonstrated high selectivity in the presence of 
interfering species such as enzymes, and amino acids. Concisely, BTB- 
MOF offered high sensitivity, rapid detection, simplicity, and selec
tivity. In the future, BTB-MOF can be used for enzyme analysis as well as 
biomolecules detection [75]. Table 1 summarizes the types of 
luminescent/fluorescence-based biosensors for UA detection in body 
fluids. 

3.2. Electrochemical biosensor 

Electrochemical biosensor offers unique characteristics such as high 
precision, ease of use, remotely controlled devices that are considered to 
be desired tools for UA measurement. Recently, the design of advanced 
electrochemical biosensors has gained huge significance due to the 

Fig. 7. A Eu-MOFs fluorescent probe for efficient detection MG and UA. [Reprinted with permission from ref [70]. Copyright 2020, American Chemical Society.]  
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necessity for speedy and specific quantification of analytes, viz. 
biochemical agents and biomedical markers. The applications of gold 
(Au), silver (Ag), Pt-like metals are extensively employed in electro
chemical sensors, but the application of such costly metals impedes its 
application in biosensing. Therefore, the application of metal oxide is an 
excellent substitute that replaced the costly metals in recent years. In 
2018, Pend and colleagues constructed nanosized and stable cerium 
oxide (CeO2) and pristine graphene oxide (GO) based CeO2-x/C/rGO 
composites (rGO: reduced GO) through pyrolysis of MOF (Ce-MOF) with 
the pristine GO material. The application of carbon materials such as 
rGO in electrochemical biosensors offers less negative potential that may 
due to the excellent electrical conductivity and larger surface area. The 
addition of metal oxide into the rGO resulted in enhanced catalytic 
performance and electron transfer mobility that helps speedy and ac
curate recognition of UA in clinical samples. It has been stated that the 
CeO2-x/C/rGO furnishes superb catalytic characteristics towards 
hydrogen peroxide (H2O2), which may due to the co-existence of Ce3+

and rGO. Ultimately, the calcination temperature plays an important 
part in the presentation of CeO2-x/C/rGO composites towards H2O2 
revealing. It showed high selectivity and sensitivity towards the UA 
along with a wider linear range from 49.5 − 1050 μM. Additionally, the 
LOD of UA was found to be 2.0 µM. In this study, the UA sensing 
mechanism depends on the concentration of H2O2 due to its high cata
lytic property. Furthermore, voltammograms, chronoamperometry 
demonstrates the remarkable thermostability of developed nano
composites, which may be due to oxygen vacancies. Higher oxygen 
vacancies in fabricated CeO2-x/C/rGO nanocomposites favored the 
upgrading of the overall catalytic property towards H2O2 along with 
excellent electrical conductivity of ‘C’ entrapment with CeO2-x and rGO 

furnishing electron transport in the electrochemical reaction. Finally, 
the excellent anti-interference ability of CeO2-x/C/rGO composites to
wards ascorbic acid and urea in the presence of UA can further its 
prospects in clinical applications [67]. 

Yet another work reported the Ce-MOF-based porous CeO2-x/C 
nanorods (NRs) for highly sensitive and selective sensing of UA at the 
low working potential. In brief, after the synthesis of CeO2-x/C NRs from 
Ce-MOF, the uricase-loaded CeO2-x/C NRs (enzyme electrode) have been 
immobilized on the surface of the glassy carbon electrode (GCE) through 
physical adsorption and cross-linking method. The raised oxygen va
cancies permit the negative shifting of the working potential to the 
detection of H2O2. As per amperometric responses, the LOD, sensitivity, 
the linear concentration range of UA using CeO2-x/C NRs were found to 
be 3.2 μM, 220 μA*cm− 2*mM− 1 and 50–1000 μM (R2 = 0.998), 
respectively, at lower working potential (-0.4 V). Additionally, the CeO2- 

x/C NRs exhibited superior selectivity towards UA in the presence of 
other interferences in the human urine samples that may due to the low 
working potential. Importantly, the Ce3+ accumulation in NRs showed 
an excellent reduction potential towards H2O2. In the future, Ce-MOF- 
based electrochemical biosensor can be used as an excellent alterna
tive for biosensing of UA in clinical samples [76]. As we know, the 
electrochemical sensor-based analysis of target molecules offers several 
merits such as high sensitivity, accuracy, simplicity, and less expensive. 
However, simultaneous estimation of UA and other biomolecules using 
conventionally designed solid electrodes suffer from several limitations 
such as overlapping of oxidation potentials. Researchers working in this 
area have attempted to create innovative nanocomposites as biosensing 
materials that can simultaneously recognize these small biomolecules. 
In 2018, Hu et al. designed Co3O4/Fe3O4/mC@g-C3N4 by embedding 

Table 1 
Summary of surface architectured MOF-based fluorescence biosensor for ultrasensitive detection of UA in clinical samples.  

Sr. 
No. 

MOF- 
basedcomposite 

Precursor 
(Initial 
material) 

Types of 
sensor 

Sensing 
mechanism 

Linear 
range 

Quenching 
constant 
(Ksv) 

LOD Clinical 
sample 

Silent features Ref.  

Cu2+@MIL-91 
(Al: Eu) 

Europium 
nitrate 

Fluorescent On-Off-On 10–1200 
μM/L 

— 1.6 μM Urine It exhibited luminescence but 
after inducing UA into MOF 
solution showed a rebound 
with greater luminescence 
intensity, which responsible 
for the detection of UA. 

[63]  

Ln-MOF Ln 
(NO3)3*6H2O 

Fluorescent On-Off 0 mM –64 
mM 

1.13 × 103M/ 
L 

0.49 μM Urine It provides high sensitivity, 
good selectivity, excellent 
reversibility, and regeneration 
ability. 

[74]  

ZJU-158-Tb Tb Fluorescent On-Off 0 μM 
− 100 μM 

8370 M− 1 7.0 nM Urine The chemical state of selected 
ligands influenced due to Tb- 
MOF interaction with UA and 
it resulted in “turn down 
sensing” for UA. 

[69]  

UiO-PSM Zirconium 
chloride 

Fluorescent On-Off 0.01 μM −
400 μM 

1.395 × 105 

L/M 
2.3 nM Serum The resulting UiO-PSM sensor 

quenched the fluorescence 
owing to hydrogen bonding 
and π − π interactions. 

[27]  

Hf-UiO-66-Py 
MOF 

Halfnium 
tetrachloride 

Fluorescent On-Off 0 μM − 30 
μM 

— 1.4 μM Serum, 
urine 

Hf-UiO-66-Py-MOF interacts 
with UA owing to hydrogen 
bonding that resulted in 
quenching of fluorescence 
followed by an assessment of 
UA. 

[51]  

Ln-MOF Europium (III) 
nitrate 
hexahydrate 

Fluorescent On-Off — 4.15 × 104 

M− 1 
0.689 
μM 

— The Ln-MOF-based fluorescent 
biosensor shows greater 
potential towards UA. It 
exhibited fluorescence 
quenching after the addition of 
UA due to energy transfer and 
spectral overlap. 

[70]  

BTB-MOF H3BTB Fluorescent On-Off — 0.02 – 4 mg/L 0.0004 
mg/L 

— BTB-MOF showed an excellent 
fluorescent response to 
xanthine and UA (an oxidation 
product of xanthine). 

[75]  
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cobalt (Co) and iron (Fe) based bimetallic (Co-Fe) nanocatalysts into the 
mesoporous carbon (mC) and graphitic carbon nitride (g-C3N4) nano
sheets for simultaneous analysis of UA, ascorbic acid, and dopamine. 
Bimetallic Co-Fe alloy nanoparticles encapsulated in N-doped carbon 
matrix has been constructed through pyrolysis of melamine ground Co/ 
Fe-MOFs (Fig. 8). The application of cobalt tetraoxide (Co3O4) and iron 
oxide (Fe3O4) offered high stability and enhanced the electrocatalytic 
property of nanocomposites. Moreover, the application of Co3O4 pro
vided high selectivity to the target molecule, whereas the addition of g- 
C3N4 nanosheets offered a large surface area and high fluorescence that 
gives a new platform for the assessment of biomarkers. This technique 
furnishes a higher electrochemically active surface area (0.0963 cm2) of 
Co3O4/Fe3O4/mC@g-C3N4 based GCE as compared to g-C3N4 and Co/ 
Fe-MOF-loaded GCE and confirmed the presence of electron inactive 
sites and blacking groups reduced the electrochemically active surface 
areas. Furthermore, Co3O4/Fe3O4/mC@g-C3N4 increased the surface 
area of GCE that helped to rapid mass transfer of the interest analyte. 
Particularly, the sensing performance of Co3O4/Fe3O4/mC@g-C3N4 
based GCE provided an excellent electrochemical performance that may 
due to the good electronic conductivity composite and the synergistic 
response of each component in Co3O4/Fe3O4/mC@g-C3N4. The differ
ential pulse voltammetry (DPV) techniques provided a linear concen
tration range and LOD of UA about 5.0–100 μM (R2 = 0.994) and 0.37 
μМ, respectively. In the case of simultaneous estimation, the linear 
concentration range, and LOD for UA were found to be about 5.0 μM to 
100 μM and 0.18 μM, respectively. Moreover, Co3O4/Fe3O4/mC@g- 
C3N4 biosensor showed good selectivity, acceptable reproducibility, and 
excellent stability. Concisely, the analysis of UA, ascorbic acid, and 
dopamine in human urine samples showed outstanding recoveries that 
confirmed the practical applications of Co3O4/Fe3O4/mC@g-C3N4 in 
clinical diagnosis [77]. 

In 2019, the appropriate ratio of ZIFs (ZIF-8: ZIF-67) was used for the 
designing of bimetallic ZIFs (BMZIFs) using bimetals Zn/Co at 900 ◦C in 
an N2 atmosphere through nitrogen (N), and Co-doped porous carbon 
(CNCo). In brief, Liu and co-investigators came up with ZIF-8 and ZIF-67 
for the assessment of UA in the human serum sample using an electro
chemical CNCo/GCE biosensor. In this biosensor, the BMZIF-templated 
porous carbon provided several advantages such as high surface area 
and pore volume along with excellent catalytic activity, high chemical 
stability, electrical conductivity, low cost, and easy availability. Due to 
this, the CNCo modified GCE biosensor provided an elevated peak cur
rent as compared to the bare GCE. The results showed an improved 
conductivity and sensitivity of the sensor. The LOD was 0.83 μM (S/N =
3) with a liner range of 2–110 μM (R2 = 0.995). The presence of inter
fering substances such as glucose, ascorbic acid, and other positive and 
negative ions had no significant influence on the current changes. 
Interestingly, the modified GCE biosensor exhibited a superior repro
ducibility of 3.07% and repeatability with a relative standard deviation 
(RSD) of 3.26% in phosphate buffer saline (PBS, pH 7.0) with a 50 μM 
concentration of UA. Eventually, the recoveries of samples (spiked) 
ranged from 98.2% to 103.5% and RSDs ranged from 1.8% to 2.7%, 
signifying that the fabricated CNCo/GCE biosensor had a great 
perspective for use in real samples analysis [68]. Recently, tears con
taining biomarkers have received a lot of interest in sensing and con
trolling health. The concentration of UA in the tears is a sign of different 
diseases including gout, kidney disease, etc. The concentration of UA in 
tears, according to the literature, is between 25 and 150 μM. Nowadays, 
the seedy and accurate detection of UA is a critical step that affects the 
diagnosis and treatment. In 2018, Xiong and co-authors constructed 
solution-gated graphene transistors (SGGTs) based on two separate ‘Au’ 
gate electrodes that were modified with GO-chitosan (GOx-CHIT) and 
bovine serum albumin (BSA)-CHIT (BSA-CHIT) for UA and glucose 

Fig. 8. Synthesis scheme of Co3O4/Fe3O4/mC@g-C3N4 for sensing of UA and other molecules. [Reprinted with permission from ref [77]. Copyright 2018, Elsevier.]  
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detection. Primarily, the sensitivity of SGGTs was boosted significantly 
through co-modifying the ‘Au’ gate with porous hollow nano
polyhedrons (Co3O4) obtained from ZIF-67. The GOx-CHIT/Co3O4/Au 
gate identified the current response for UA and glucose. On the contrary, 
BSA-CHIT/Co3O4 modified gate could sense the UA current response 
only. The direct electro-oxidation of UA on the designed gate provided a 
highly sensitive detection of UA. Whereas, at the designed gate, glucose 
suffered the oxidation, converted into H2O2, which helps to sense 
glucose. Interestingly, it provided a low LOD of 100 nM for UA and 
glucose. In addition, the functionalized SGGT biosensor confirmed the 
presence of UA and glucose in real-time sample analysis in human tears. 
This method showed 98.5 μM and 323.2 μM amounts of UA and glucose 
in tears, respectively. Overall, the Co3O4 hollow nanopolyhedron offers 
different merits such as biocompatibility, simplicity, excellent electro
catalytic performance, high sensitivity, and selectivity. This study 
concluded that the biosensor modification offered a new electro
chemical sensing platform for UA and other biomarker detection in tears 
[78]. Studies indicated that MOF-derived porous carbon provided a 
robust structure and high specific surface area that can be an excellent 
candidate for biosensors. In this vein, Xu et al. developed ligand-derived 
carbon matrix (Z-1000) by carbonizing ZIF-8 that showed high electrical 
conductivity and improved electrochemical activity. This could be 
attributed to the high graphitization, nitrogen doping, and organized 
porous structure. ZIF-8 was synthesized using zinc nitrate and 2-methyl
imidazole, whereas Z-1000 was obtained from ZIF-8 by carbonization 
process (Fig. 9). Later, Z-1000 was applied on the surface of GCE (Z- 
1000@GCE). Amperometric responses of Z-1000@GCE confirmed that 
the present biosensor offered the linear response and low LOD for UA 
from 0.001 to 0.3 mM and 278 nM, respectively. It demonstrated the 
high selectivity for UA in the presence of ascorbic acid and dopamine. In 
addition, the Z-1000@GCE biosensor (n = 10) provided 1.04% of RSD 
for 0.1 mM UA, which assured high reproducibility. The real-time 
analysis of UA in human serum resulted in 95% to 102% recovery that 
confirmed the potential of electrochemical detection of UA in real 
samples. The authors of this study concluded that good sensitivity, high 
selectivity, excellent reproducibility, and real-time applicability of Z- 
1000@GCE make it promising in sensing different biomolecules in body 
fluids [79]. 

Xanthine is a precursor for UA and elevated concentrations of 
xanthine in biological samples confirmed the presence of different UA- 
related diseases. In comparison with the previously used method, the 
applications of an electrochemical sensor with non-enzymatic detection 
have gained much attention. In this context, a novel MIL-101 (Cr) 
porous cage with a large specific surface for loading of the Pt nano
particles were developed for non-enzymatic electrochemical biosensing 
of UA and other related biomarkers such as xanthine, dopamine, and 
hypoxanthine. In brief, the MIL-101 (Cr) was synthesized using chro
mium (III) chloride hexahydrate (CrCl3⋅6H2O) and H2BDC for conjuga
tion using the vigorous stirring method. Later, Pt-nanoparticles were 
incorporated followed by loading onto polished GCE. The DPV method 
was used for sensing XA and simultaneous detection of UA that showed 
reactions at Pt@MIL-101 (Cr) modified electrode for sequential accu
mulation of xanthine at varying concentrations. Pt@MIL-101 (Cr) 
showed remarkable sensitivity of 1.88 μA⋅μM− 1⋅cm− 2 and 0.42 μM LOD 
at 0.68 V potential. Moreover, Pt@MIL-101 (Cr) containing 3D cavities 
helped to reach over small pores for transmission of xanthine molecules 
to GCE. The linear concentration range was found to be in the range of 
0.5 μM to 162 μM (R2 = 0.999). This biosensor provided high conduc
tivity and high efficiency for electrocatalytic oxidation of xanthine when 
combined with MIL-101 (Cr) and Pt nanoparticles in the case of UA, 
xanthine, dopamine, and hypoxanthine. In this study, the MOF showed a 
good porous surface that prevented the aggregation of nanoparticles, 
whereas the RSD of this biosensor was found to be 2.06% (n = 5) with 
good reproducibility. The real-time analysis of xanthine at three spiked 
(specific known concentration) human serum samples (pH 7, PBS) 
showed 100.80% to 203.00% recoveries of xanthine that confirmed the 
applicability in real sample analysis. However, there is a necessity to 
perform this assay directly in the real-time samples without dilution. 
Therefore, Pt@MIL-101 (Cr) offers huge active sites for biosensing of 
xanthine and simultaneously UA. In the near future, this can be a new 
technique for the electrochemical determination of xanthine in clinical 
samples [71]. Yet another work reported the determination of UA and 
dopamine using Co(II)-based ZIF-67 and GO electrodeposited GCE (ZIF- 
67-GO/GCE). The linear concentration range and LOD for UA were re
ported to be 0.8–200 μМ (R2 = 0.992) and 100 nM, respectively (S/N =
3). It is worthy to mention that the high porosity and larger specific 

Fig. 9. Preparation of ZIF-8 and synthesis scheme of Z-1000. [Reprinted with permission from ref [79]. Copyright 2017, Elsevier.]  
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surface area of ZIF-67 and high electrical conductivity of GO resulted in 
electron transfer. ZIF-67-GO/GCE offered synergistic effects in terms of 
sensitivity, selectivity, stability, and reproducibility. The real-time 
analysis of UA and dopamine in spiked samples of human urine 
showed 97.6% − 103.9% and 97.3% − 100.6% recoveries for UA and 
dopamine, respectively. Therefore, in the future, the modified electrodes 
can open a new door for the simultaneous estimation of UA and dopa
mine in biomedical fields [80]. It was reported that the porphyrinic MOF 
(Por-MOF) contains specific catalytic ability of biomimetic catalysis. Yin 
and colleagues reported a one-step synthesis of Zr-Por-MOF/MPC using 
5, 10, 15, 20-Tetrakis (4-carboxyphenyl) porphyrinato]-Fe (III) chloride 
as a ligand, zirconium chloride, macroporous carbon (MPC) through the 
solvothermal method. Zr-Por-MOF/MPC was applied onto the surface of 
GCE (Zr-Por-MOF/MPC@GCE). The electrocatalytic activity of Zr- 
PorMOF/MPC towards H2O2 reduction was measured using CV that 
confirmed the outstanding performance of Zr-Por-MOF/MPC@GCE as 
compared to the bare GCE, Zr-Por-MOF, and Por-MOF. The addition of 
MPC into Zr-Por-MOF resulted in increased specific surface area and 
prevented the agglomeration of Zr-Por-MOF nanocomposites. In addi
tion, it improved the electrochemical stability of Zr-Por-MOF and 
reduced the electron transfer resistance. Taken as a whole, MPC offered 
a conductive bridge for simplistic charge transport and finally, Zr-Por- 
MOF/MPC provided an elevated electrocatalytic efficiency for the 
reduction of H2O2. As a result, two linear concentration ranges of 
0.5–137 μM (R2 = 0.991) and 137–3587 μM (R2 = 0.993) with a 
respective sensitivity of 66 μA/mM and 16 μA/mM were reported. In 
addition, this method provided a rapid response within 1 s and a low 
LOD of 0.18 μM. This developed sensor offered high selectivity for H2O2 
(0.1 mM) in the presence of different biomolecules with excellent sta
bility and high reproducibility. Additionally, the simultaneous detection 
of UA was performed using DPV in the presence of purine derivatives. 
The peak current was increased linearly with an increase in UA con
centration in the range of 20–410 μM (R2 = 0.996) and a lower detection 
value of 160 nM. In conclusion, enzyme-free H2O2 Zr-Por-MOF/ 

MPC@GCE showed a wide linearity range, high sensitivity, low detec
tion limit, rapid response, good reproducibility, good selectivity, and 
excellent stability. This method could also be used for UA detection in 
the presence of other purine derivatives such as xanthine and hypo
xanthine [81]. In recent years, the production of metal-based simplified 
sensing materials for sensitive and selective UA detection was discussed. 
In 2020, Abrori et al. reported MOF-67-loaded GCE for non-enzymatic 
electrochemical detection of UA using DPV and cyclic voltammetry 
(CV). The synthesis of MOF-71 was accomplished using H2BDC and 
cobalt nitrate hexahydrate through the solvothermal method. The 
detection of UA using DPV showed a lower detection of 15.60 μM and 
linearity in the range of 50–1000 μM with 0.4811 mA.mM− 1.cm− 2 

sensitivity (S/N = 3). A relatively less significant oxidation peak was 
observed at a lower UA concentration of 50 μM as compared to the 
oxidation peak obtained from PBS. This could be attributed to the 
release of electrons from the low concentration of UA upon contact with 
GCE-coated MOF-71. Fig. 10 showed the sensing mechanism of MOF-71- 
loaded GCE for UA oxidation, wherein UA was converted into the 
allantoin. The increase in UA concentration showed an increment in the 
UA oxidation and reduction in the oxidation peak of PBS solution. The 
selectivity test in the presence of glucose and urea confirmed the 
selectivity of MOF-71 coated GCE towards the UA. Importantly, the 
larger the surface area, the better was the electrical conductivity of 
MOF-71 due to elevated electron transfer. Therefore, in the future, MOF- 
71 can be preferred as a potential sensor material for non-enzymatic 
electrochemical biosensor for high sensitivity and selective detection 
of UA in clinical samples [82]. 

Current electrochemical sensors have significant drawbacks, 
including a lack of sensitivity, particularly for detecting low concen
trations of UA. Therefore, the application of enzyme mimetic activity 
containing nanomaterials (termed nanozyme) is gaining much attention 
for the development of ultrasensitive biosensors. Along with nanozyme, 
the application of MOF offers synergistic benefits for sensing the target 
analyte. Recently, Wang and co-researchers developed an ultrasensitive 

Fig. 10. Schematic presentation of sensing mechanism of MOF-71-loaded GCE for UA oxidation.  
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ZIF-67 based MOF through the pyrolysis method using auric chloride 
(HAuCl4) for the estimation of UA in the human serum samples. Au/Co 
bimetallic nanoparticles integrated hollow nonporous carbon-based 
frameworks (Au/Co@HNCF) were manufactured as a nanozyme 
through pyrolysis of the Au (III)-etching ZIF-67. The application of Au/ 
Co on the external surface of HNCF accomplished an elevated activity 
for UA oxidation and generated a superior signal in the electrochemical 
biosensor. This engineered Au/Co@HNCF biosensor exhibited a detec
tion limit of 0.023 μM (S/N = 3) for all human serum samples. Addi
tionally, the method provided an ultrahigh sensitivity of 48.4 μA*μM− 1 

cm− 2 and linearity in the concentration range of 0.1–25 μM. The loga
rithmic concentration region was found to be 25 μM to 2500 μM. The 
test results showed DPV responses within the range of 95.1% to 104.4%, 
which revealed that the Au/Co@HNCF based sensor had an outstanding 
selectivity to UA. The ordered nonporous structure of MOF and carbon 
material-based interfacial features showed good selectivity towards UA 
in the presence of other biomolecules. The intra-day and inter-day 
reproducibility were found to be 4.1% and 4.3%, respectively. Human 
serum samples were analyzed using Au/Co@HNCF biosensor and 
compared with the results obtained using Roche Diagnostics Cobas® 
8000. It was confirmed that the MOF-based biosensor could be used 
practically for UA determination in clinical samples. This study indi
cated that Au/Co@HNCF biosensor provides several merits such as low 
cost, good stability, reproducibility, high selectivity, and sensitivity. 
Further, a MOF-centered biosensor could be a reliable tool for the 
diagnosis of UA-associated life-threatening issues [44]. 

Uricase-based electrochemical sensing is a very important step in the 
biomedical field, due to its high accuracy, selectivity, and specificity. 
The oxidation of UA with rapid enzymatic function furnishes H2O2 and 
allantoin. The amperometric response obtained by the catalysis of H2O2 
is related to the UA concentration. In this context, the Cu2O/Cu@C 
porous core–shell nanowire (NW) has been designed through a thermal 
breakdown of HKUST-1(Hong Kong University of Science and 

Technology), copper (II) nitrate hydrate [Cu(NO3)2⋅3H2O], and trimesic 
acid (H3BTC). Later, the NWs were recycled as electrode materials to 
formulate novel MOF-based UA biosensors. Remarkably, they were able 
to control the calcination and the composite particle was enfolded with a 
long NW for the lower working potential. It is advantageous for the 
successful anti-interference aptitude of UA biosensing. Leo et al. 
immobilized uricase on Cu2O/Cu@C porous core–shell NWs modified 
GCE through physical adsorption and crosslinking method. Carbon from 
the decomposition of selected organic ligand molecules in NWs pro
moted higher electron transfer. Furthermore, ‘Cu’ in the NWs exhibited 
good catalytic presentation towards H2O2 decline. Ultimately, the cat
alytic attributes of Cu+ to H2O2 were much effective than Cu2+ at a 
lower working potential. The cathodic current increased significantly 
from − 0.2 to − 0.6 V in the presence of 2 mM of H2O2. Therefore, it has 
been considered as optimized working potential. The linear range and 
sensitivity were found to be 0.05 to 1.15 mM (R2 = 0.997) and 330.5 μA. 
mM-1cm− 2, respectively. Moreover, the real-time sample analysis in 
human urine (PBS diluted) showed 99.6% to 102.9% recoveries that 
confirmed the applicability of biosensors in clinical samples. Hence, 
biosensors based on Cu2O/Csu@C core–shell NWs can be used to 
accomplish highly sensitive UA biosensing and could be a favorable 
method for sensing UA [42]. The literature survey reveals that the UA 
and other molecules like ascorbic acid, dopamine, and acetaminophen 
show redox behaviors at analogous potentials, making it challenging for 
assessment due to interfering overlapping effects. Ngo and the team 
designed a graphitic carbon nitride (g-C3N4) based ZIF-67/g-C3N4 
composite using ZIF-67 through an ultrasound/microwave-assisted 
synthesis. ZIF-67/g-C3N4 composite suspension coated GCE (ZIF-67/g- 
C3N4/GCE) was developed for the detection of UA and acetaminophen 
using cetyltrimethylammonium bromide as a masking/discriminating 
agent (Fig. 11). ZIF-67/g- C3N4 composite increased the electron 
transfer due to the oxidation of UA and acetaminophen. ZIF-67/g-C3N4 
demonstrated the stacking interaction among ZIF-67/g-C3N4 containing 

Fig. 11. Oxidation mechanism of UA (or URA) and acetaminophen (ACE) by ZIF-67/g-C3N4/GCE. [Reprinted with permission from ref [83] Copyright 2020, Huynh 
Truong Ngo et al. ] 
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3D imidazole structure and UA/acetaminophen-containing phenyl 
structures resulted in the adsorption of analyte on ZIF-67/g-C3N4/GCE 
surface. Moreover, the utilization of g-C3N4 offered electron mobility 
during the redox reaction. The simultaneous detection of UA using GCE 
provided a linear concentration range and LOD of 0.05–0.065 μM (R2 =

0.995) and 0.052 μM, respectively. The DPV method for analysis of 
human urine samples showed 90–110% recovery. In conclusion, ZIF-67/ 
g-C3N4/GCE biosensor could be used as a potential tool for the detection 
of UA in real samples in the presence of similar substances [83]. 

Yet another work reported the voltammetric simultaneous detection 
of UA, ascorbic acid, dopamine using an electrochemical biosensor. 
Mesoporous silica (S’BA-15) based Ag-doped titanium dioxide (TiO2) 
and stannic dioxide (SnO2) nanocomposite [Ag-(TiO2/SnO2] or h-ATS) 
on the surface of g-C3N4 were prepared. Later Ag-(TiO2/SnO2)@g-C3N4 
was decorated with carbonized (NC@GC) hierarchical core–shell MOF 
(ZIF-8@ZIF-67). The analysis of UA and other similar substances was 
carried out using a modified indium-tin-oxide (ITO) electrode (ITO/g- 
C3N4/NC@GC/h-ATS), which provided a larger surface area, high 
porous assembly, and synergistic effects. It demonstrated a good elec
trocatalytic presentation towards UA, ascorbic acid, and dopamine. It 
provides the linear concentration detection range (2.5–625 M) and the 
low detection limit (0.06 M). It shows the oxidation peak at 390 mV for 
UA during simultaneous detection of UA, ascorbic acid, and dopamine. 
Moreover, the real-time analysis of spiked serum samples showed > 98% 
recovery that confirmed the applicability of ITO/g-C3N4/NC@GC/h- 
ATS in clinical analysis. In total, the hierarchically modified electrode g- 
C3N4/NC@GC/h-ATS is a replacement prospect for electrochemical 
sensing UA and other substances in real-time [84]. Setoudeh and col
leagues carried out a similar line of work wherein ZIF-8 based Co-tannic 
acid (TA) nanocomposite (ZIF-8@Co-TA) were synthesized for simul
taneous assessment of acetaminophen, dopamine, tryptophan, and UA. 
In brief, the ZIF-8@K-TA was designed using ZIF-8, TA in potassium 
hydroxide. ZIF-8@K-TA was later mixed with cobaltous nitrate hexa
hydrate to form ZIF-8@Co-TA (Fig. 12). The ZIF-8@Co-TA modified 
electrode offered an improved catalytic activity, high-level conductivity, 
precise selectivity, which lead to sensitivity enhancement. The LOD of 
acetaminophen, dopamine, tryptophan, and UA were found to be 5.1 
nM, 3.4 nM, 6.7 nM, and 1.2 nM, respectively. For all analytes, the 
concentration range was found to be 0.02–0.44 μM. This method showed 
good stability at the different conditions and acceptable repeatability for 
acetaminophen, dopamine, tryptophan, and UA. The real-time analysis 
in spiked human serum samples showed 97.3% to 103.1% recoveries 
that confirmed the suitability of the ZIF-8@Co-TA biosensor in clinical 
applications. In a nutshell, the ZIF-8@Co-TA based electrochemical 
sensor can be employed as an appropriate alternative in clinical in
vestigations [85]. 

The LOD of UA and dopamine should be reduced even at a trace level 
by coordinated monitoring to ensure diagnostic precision, early avoid
ance, and proper cure. The new and promising scientific fields were 
developing composite biosensors with high signal resolution and sensi
tivity to simultaneous detection of dopamine and UA in clinical samples. 
Qu et al., designed C-Fe-O bonded MIL-88B(Fe)/carbon composite for 

simultaneous detection of UA and dopamine with improved sensitivity 
and resolution. The biosensor performance relied on the adsorption 
enhancement and distinguished potential regulation strategy. In brief, 
the Jasmine petal (JP) resultant biocarbon (JPBC) was used as electrode 
support and ‘Fe’ loaded JPBC (Fe-JPBC) was synthesized using C-Fe-O 
bonding that aids in the rise of its interfacial contact with MIL-88B(Fe). 
The C-Fe-O bond offers a strong interface between the MOF and Fe-JPBC 
that provided an elevated signal transmission capacity. This resulted in a 
novel MIL(Fe)/Fe-JPBC composite biosensor for UA and dopamine 
detection. Due to adsorption enhancement, the MIL-88B(Fe) demon
strated an improved analyte capture aptitude that boosted the signal and 
provided high sensitivity and LOD. Notably, the LOD (S/N = 3) of UA 
and dopamine was found to be 10.2 nM and 60.7 nM, respectively. The 
simultaneous estimation of UA and dopamine using MIL(Fe)/Fe-JPBC 
provided a low LOD of 5.6 nM and 42 nM for UA and dopamine, 
respectively. The linear concentration range of UA and dopamine was 
reported to be 0.05–3.0 μM and 0.1–2.5 μM, respectively, which 
confirmed that the developed sensor could identify the UA and dopa
mine concurrently without any mutual interference. Finally, the surface 
functionality of MIL-88B(Fe) offered more sensitivity and selectivity 
towards UA and dopamine in the presence of others analogues. The RSD 
of this biosensor was found to be 4.7% to 2.0% for dopamine and UA, 
respectively, which confirmed the reproducibility of the biosensor. 
Moreover, MIL(Fe)/Fe-JPBC after 15 days showed good stability as 
confirmed by the current responses of dopamine (95.1%) and UA 
(96.8%) in PBS as compared to its initial responses reading (Fig. 13). The 
real-time analysis of dopamine and UA in human serum samples pro
vided 97.3% to 106.7% recovery that assured the application of MIL 
(Fe)/Fe-JPBC as a biosensor for detection of UA and dopamine in clin
ical samples [86]. 

In a different study, biosensing of UA and dopamine using ‘N’ and 
‘Co’ doped carbon particles (NCCNPs) has been reported. Initially, 
NCCNPs was synthesized by carbonizing of ZIF-67 at 800 ◦C followed by 
casting on GCE (NCCNPs-GCE) for electrochemical detection of UA and 
dopamine. As a result, NCCNPs-GCE exhibited 0.98 μM detection limit 
and linearity in the concentration range of 5–192.3 μM (R2 = 0.990) for 
UA. In addition, NCCNPs-GCE showed a sensitivity of 610.7 μA/mM. 
Interestingly, the obtained carbon materials at 800 ◦C contained a small 
amount of N-doping and high electron acceptability that played a sig
nificant role in the electrocatalytic reaction. Moreover, a large amount 
of Co-based biosensor offered maximum active sites for electrochemical 
reactions. It demonstrated excellent electrochemical performance dur
ing sensing of UA and dopamine. The highly selective amperometric 
responses of NCCNPs-GCE for UA (0.2 mM) and dopamine (0.2 mM) in 
the presence of other interfering agents such as ascorbic acid, glucose, 
and ethanol indicated a high selectivity towards UA and dopamine in 
PBS (pH 7). In the near future, fabricated NCCNPs provide new oppor
tunities for simultaneous detection of UA and DA by electrochemical 
sensing [87]. In 2020, Ko and coauthors reported the 2D conductive 
MOFs in the form of a drop casted film on GCE for UA voltammetric 
detection (redox-active analyte). A conductive film of Cu3HHTP2 was 
synthesized using ‘Cu’ as a metal and 2, 3, 6, 7, 10, 11- 

Fig. 12. Possible growth mechanism of ZIF-8@Co-TA nanocomposite. [Reprinted with permission from ref [85]. Copyright 2020, Elsevier.]  
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hexahydroxytriphenylene (HHTP) as an organic ligand. The synthesized 
Cu3HHTP2 was then loaded onto the surface of GCE (Cu3HHTP2-GCE) 
and used for voltammetric sensing of UA in PBS (pH 7.4). This biosensor 
was used for the simultaneous detection of different biomolecules such 
as dopamine, serotonin, ascorbic acid, and UA. The surface active sites 
such as metallic nodes interact with UA via hydrogen bonding or by 
electrostatic interactions, and subsequently result in the peak current 
enhancement. As a result, DPV offers an extremely low LOD and wide 
linear concentration range of about 198 nM and 0.19–200 nM, respec
tively. In addition, this method provided less than 0.04 V difference in 
UA samples (100 μM, n = 3) that confirmed the reproducibility of a 
biosensor. In voltammetric detection, conducting MOFs are promising to 
develop a highly sensitive, reproducible, and stable electroanalytical 
device [88]. It is noteworthy to mention that the larger surface areas, 
controlled porosity, and countless structural topologies of MOF make 
them suitable candidates in the electrochemical field. Wand and co- 
authors developed multi-walled carbon nanotubes (MWCNTs) that 
incorporated manganese MOF, Mn-BDC (BDC = 1, 4-benzene dicar
boxylate), through the single-step solvothermal process for simulta
neous detection of UA, dopamine and ascorbic acid. MWCNTs@Mn-BDC 
was prepared by the addition of MWCNTs into the dispersion of p- 
benzene dicarboxylic acid (linker) and manganese (II) nitrate hexahy
drate in N, N-dimethylformamide. Finally, the MWCNTs@Mn-BDC was 
dropped on the surface of GCE (MWCNTs@Mn-BDC@GCE). Notably, 

the MWCNTs incorporation into Mn-BDC provided a thin layer of MOF, 
which enhanced electrical conductivity, and improved electrocatalytic 
ability. As a result, MWCNTs@Mn-BDC@GCE showed a wider linear 
range and lower LOD about 0.02–1100 μM and 0.005 μM, respectively. 
Additionally, simultaneous detection of UA and other molecules 
confirmed that the MWCNTs@Mn-BDC@GCE exhibited higher selec
tivity for UA, dopamine, and ascorbic acid in the presence of citric acid, 
L-cysteine, glucose, and glutamic acid. Moreover, DPV measurements 
showed 2.1% of RSD that confirmed the reproducibility of the 
MWCNTs@Mn-BDC@GCE sensor (n = 6). The real-time analysis in urine 
showed a good recovery of the UA that assured real-time applicability 
for the determination of UA, ascorbic acid, and dopamine in the clinical 
samples. In conclusion, MWCNTs@Mn-BDC@GCE offered good sensi
tivity, high selectivity, excellent repeatability, and effective detection of 
UA in human urine. Therefore, this proposed sensor can furnish a 
promising approach for the recognition of UA in biological samples [89]. 
Table 2 summarized the various types of MOF-based electrochemical 
biosensors for highly sensitive and selective real-time detection of UA in 
clinical samples. 

3.3. Colorimetric biosensor 

Recently, nanomaterial-based colorimetric chemosensors have 
received huge attraction from researchers. This method has several 

Fig. 13. The simultaneous determination of dopamine (or DA) and UA using MIL(Fe)/Fe-JPBC biosensor demonstrates the (A) Selectivity, Test condition: DA (1.0 
μM), UA (1.5 μM) and interferences (20 μM) in 0.2 M of PBS at pH = 5.5. (B) Repeatability, Test condition: DA (1.0 μM) and UA (1.5 μM) in 0.2 M of PBS at pH = 5.5. 
Stability, Test condition. simultaneous detection of (C) DA (1.0 μM) and (D) UA (1.5 μM) in 0.2 M PBS at pH = 5.5 [Reprinted with permission from ref [86]. 
Copyright 2020, Elsevier] 
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advantages, including its simplicity, low cost, and lack of the need for 
advanced devices. Besides, the researchers have reported that the 
application of nanozyme and uricase (enzyme) combination to overcome 
the low selectivity issue of the colorimetric biosensor. In 2019, Badoei- 
dalfard and co-workers developed colorimetric biosensors of Th-MOF 
through an ultrasound-assisted reverse micelle (UARM) system using 
thorium tetranitrate-pentahydrate for highly sensitive and selective 
sensing of UA (Fig. 14). The affinity of a nanomaterial-based artificial 
enzyme (nanozyme) to the substrate was found to be more sophisticated 
than horseradish peroxidase (HRP, a natural enzyme). Additionally, Th- 
MOF with TMB-H2O2 showed a tense absorbance peak that confirmed 
the peroxidase-like activity of Th-MOF. The oxidation reaction was 
found to be finished after 5 min of incubation of Th-MOF at 40◦C to 60◦C 
(pH 5.5), which confirmed that the faster rate of TMB oxidation by 

nanozyme in the presence of H2O2. Besides, linearity has been reported 
between the oxidized TMB and H2O2 concentration. The blue-colored 
oxidized TMB was confirmed through the naked eyes wherein the 
absorbance value of blue-colored oxidized TMB increased with UA 
concentration. Notably, the linear range and LOD of UA detection were 
found to be 4.0–7.0 μM and 1.15 μM, respectively. The final concen
tration of added UA in serum and urine samples shows 93.10% to 
99.04% and 93.25% to 101.62% recoveries (n = 3), respectively. 
Therefore, unique peroxidase mimicking MOF nanozyme is a brilliant 
contestant for UA biosensing in real body fluids. In the future, it can be 
utilized as a prospective for UA detection, especially in the care for gout 
diagnostics [46]. 

Luan and co-authors developed the Ce-MOF using terephthalic acid 
as a linker. In brief, Ce-MOF was used as a chromogenic reagent that 

Table 2 
Summary of surface architectured MOF based electrochemical biosensor for ultrasensitive detection of UA.  

Sr. 
No. 

MOF- 
basedcomposite 

Precursor(Initial 
material) 

Linear 
range 

LOD Clinical 
sample 

Silent features Ref.  

CeO2-x/C/rGO Cerium nitrate 49.8 μM to 
1050 μM 

2.0 μM — CeO2-x/C/rGO nanocomposites interact with H2O2 (uricase catalyzed 
intermediates) and resulted in the peroxidase-like catalytic 
performance for oxidation of H2O2 (uricase catalyzed intermediates). 

[67]  

CeO2-x/C NRs Ce-MOF 50 μM to 
1000 μM 

3.2 μM Urine It exhibited superior selectivity towards the UA in presence of other 
interferences in human urine samples. 

[76]  

Co3O4/Fe3O4/ 
mC@g-C3N4 

Co/Fe-MOFs 5.0 μM to 
100 μM 

0.18 
μM 

Urine It shows high sensitivity, good selectivity, acceptable reproducibility, 
and excellent stability. 

[77]  

CNCo/GCE ZIF-8: ZIF-67 2.0 μM to 
110 μM 

0.83 
μM 

Serum A simplistic electrochemical biosensor based on CNCo modified GCE 
developed via BMZIFs depends on ZIF-8 and ZIF-67, which induced 
catalytic activity towards UA detection. 

[68]  

GOx or BSA -CHIT/ 
Co3O4/Au 

ZIF-67 — 100 
nM 

Tears The direct electro-oxidation of UA on the designed gate provides the 
highly sensitive detection of UA. 

[78]  

Z-1000@GCE ZIF-8 0.001 mM 
− 0.3 mM 

278 
nM 

Serum Due to good sensitivity, high selectivity, excellent reproducibility, and 
real-time applicability, Z-1000@GCE holds a huge potential for sensing 
different biomolecules in body fluids. 

[79]  

Pt@MIL-101 (Cr) Chromium (III) 
chloride 
hexahydrate 

0.5 μM to 
162 μM 

0.42 
μM 

Serum Pt@MIL-101 (Cr)/ MOFs modified GCE non-enzymatic sensor 
decreased their working potential due to the addition of XA and 
increased the signal current for oxidation mechanism with detection of 
UA. 

[71]  

ZIF-67-GO/GCE ZIF-67 0.8 mМ to 
200 mМ 

100 
nM 

Urine The high porosity and larger specific surface area of ZIF-67 as well as 
the high electrical conductivity of GO resulted in electron transfer. 
Finally, it offers synergistic effects in terms of sensitivity and selectivity. 

[80]  

Zr-Por-MOF/MPC Por-MOF 20 μM to 
410 μM 

160 
nM 

— In addition, it can be used for UA detection in presence of other purine 
derivatives such as xanthine and hypoxanthine 

[81]  

MOF-71/GCE MOF-71 0.05 mM to 
1.00 mM 

15.61 
μM 

— The non-enzymatic UA detection using MOF-71 based electrochemical 
sensor offers high sensitivity and good selectivity in presence of similar 
substances. 

[82]  

Au/Co@HNCF Au (III)-etching ZIF- 
67 

0.1 μM to 
25 μM 

0.023 
μM 

Serum In Au/Co@HNCF, the addition of external ‘Au’ nanoparticles into 
internal ‘Co’ nanoparticles resulted in an enhanced oxidation potential 
of UA. 

[44]  

Cu2O/Cu@C Copper (II) nitrate 
hydrate 

50 mM to 
1100 mM 

0.4 μM Urine Cu2O/Cu@C core–shell NWs exhibited as the best strategy for the 
superb electrocatalytic ability at a little working potential, which is a 
greater benefit for enhancing anti-interference capability in UA 
detection. 

[42]  

ZIF-67/g-C3N4/GCE ZIF-67 0.02 μM to 
0.65 μM 

0.052 
μM 

Urine It provides the simultaneous estimation of UA in presence of similar 
molecules in urine samples that may due to the π–π stacking interaction 
among ZIF-67/g-C3N4 and UA. 

[83]  

ITO/g-C3N4/ 
NC@GC/h-ATS. 

ZIF-8@ZIF-67 2.5 μM to 
625 μM 

0.06 
μM 

Serum It provides a larger surface area, high porous assembly, and synergistic 
effects that resulted in a good electrocatalytic presentation towards the 
UA and other molecules. 

[84]  

ZIF-8@Co-TA ZIF-8 0.02 μM to 
0.44 μM 

1.2 nM Serum It offers the improved catalytic activity, high-level conductivity, precise 
selectivity that provides a low detection limit for UA and other similar 
analogues. 

[85]  

MIL(Fe)/Fe-JPBC MIL-88B(Fe) 0.05 μM to 
3.0 μM 

5.6 nM Serum It provides the simultaneous estimation of UA and dopamine in real- 
time samples with high sensitivity and selectivity based on the strategy 
of adsorption enhancement and potential regulation. 

[86]  

NCCNPs-GCE NCCNPs 5 μM to 
192.3 μM 

0.98 
μM 

— The carbonized ZIF-67 provides the NCCNPs based highly sensitive as 
well as a selective electrochemical biosensor for UA and dopamine 
detection.   

Cu3HHTP2-GCE Cu3HHTP2 0.19 nM to 
200 nM 

198 
nM 

— Conductive Cu3HHTP2 provides the simultaneous estimation of UA 
along with high sensitivity and excellent reproducibility in presence of 
other neurochemicals. 

[88]  

MWCNTs@Mn- 
BDC@GCE 

Mn-BDC 0.02 μM to 
1100 μM 

0.005 
μM 

Human 
urine 

The MWCNTs incorporation into Mn-BDC provides the thin layers of 
MOF that enhanced electronic conductivity and improved the 
electrocatalytic ability of the sensor for UA detection. 

[89]  
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offers simultaneous colorimetric and fluorescent responses. During the 
assay, the synthesized Ce-MOF was used for the fabrication of origami 
paper-based SlipChip that offers the simultaneous detection of UA and 
glucose level in provided serum samples. Interestingly, it showed a dual- 
sensing response wherein “turn on” indicated the colorimetric response 
and “turn off” indicated the fluorescence response. The assay demon
strated a linear concentration range from 0 to 1000 mM for UA and the 
LOD was found to be 39.6 μM. The clinical blood sample analysis in 
hyperuricemia patients confirmed relatively high accuracy. In conclu
sion, this Ce-MOF-based colorimetric sensor provided an excellent color 
stability, high selectivity, elevated sensitivity, and serum protein 
filtration. In the future, this Ce-MOF sensor can be used widely in clin
ical applications as compared to the traditionally used colorimetric 
method [90]. In 2021, Gao and co-investigators designed UiO-66-NH2 
using Zr(IV) as metal ions and 2-amino terephthalic acid as a ligand. 
Later UiO-66-NH2 was modified using ferrocene carboxylic acid (Fc- 
COOH) to result in UiO-66-Fc. UA has been combined with urate oxidase 
that converts UA into H2O2. This produced H2O2 participated in the 
oxidation of substrate namely, 2, 2′-azino-bis (3-ethylbenzothiazoline-6- 
sulfonic acid) under the UiO-66-Fc catalysis. Finally, it resulted in 
chromogenic products that are directly proportional to the concentra
tion of UA and H2O2. This assay showed linearity in the concentration 
range from 50 − 600 μM with a detection limit (LOD) of 1.18 μM. 
Overall, UiO-66-Fc showed the enzyme-like function and improved the 
catalytic performance that offers high sensitivity for UA and their me
tabolites. In the future, UiO-66-Fc based colorimetric sensor can open a 
new door for sensing disease-related biomarkers such as UA and H2O2 
[91]. Lu et al. developed MIL-53 (Fe) based colorimetric sensor for the 
detection of UA in a real-time scale assay. Initially, MIL-53 (Fe) was 
synthesized using 1,4-benzene dicarboxylic acid (precursor) and iron 
(III) chloride hexahydrate by a simple solvothermal method. MIL-53 
(Fe) contains intrinsic peroxidase-like activity that will help in the 
detection of UA. MIL-53 (Fe) catalyzes the oxidation of TMB (peroxidase 
substrate) in the presence of H2O2, resulting in a blue-colored product. 
The LOD of assay method was 1.3 μM with a linearity between the range 
of 4.5–60 μM (R2 = 0.995). The real-time applicability of the sensor was 

confirmed by using UA spiked in human urine and serum samples, which 
resulted in 89.50% – 101.44% recoveries. Moreover, it showed high 
selectivity in the presence of different interfering agents such as gluta
thione, tryptophan, ascorbic acid, glucose, and sodium chloride. This 
method provided high sensitivity and selectivity, and good recovery of 
UA. Therefore, it can be used as an alternative for the regularly used 
colorimetric method for the detection of UA in real-time samples [26]. 
Recently, the uricase-free approach for the biosensing of UA in serum 
and urine has been reported. In 2020, Wang et al. have come up with UA 
colorimetric biosensor based on polypyrrole (PPy)-coated 
polyoxometalate-encapsulated 4-fold helical MOF namely Ag5P
Mo12@PPy as a monolithic peroxidase mimic (Fig. 15 A). The incorpo
ration of polyoxometalates (POM) with MOF resulted in POMOFs with 
good biocompatibility, excellent performance, and high structural sta
bility. In this study, POMOFs were assembled using Ag ions, ligands 
[3,5-bis((1H-imidazole-1-yl)methyl)-1H-1,2,4-triazole], and Keggin 
types of POMs. Ag5PMo12@PPy composite was constructed by loading 
PPy on the surface of Ag5PMo12 via oxidative polymerization. PPy 
loading on the surface of Ag5PMo12 boosted the peroxidase activity that 
may due to the synergistic effect. Fig. 15 B demonstrated that the elec
trons were initially excited with Ag5PMo12 composite and were later 
transferred to PPy to prevent the recombination of electron-hole pairs. 
After that, the H2O2 has been adsorbed on the surface of Ag5P
Mo12@PPy. The addition of TMB adsorbed on the surface of Ag5P
Mo12@PPy and reacted with desorbed •OH through the process of 
electron transfer. During this, the TMB (colorless) was converted into 
the oxTMB (green). Finally, the addition of UA into this system resulted 
in no green color, which may due to the inhibition of catalytic oxidation 
of TMB. As the target UA concentration increased, the absorption peak 
decreased and the dark green color faded into light green and ultimately 
colorless, which can be visualized easily through bare eyes. Thus, the 
absorbance change of oxTMB is used in sensing UA levels. The sensitivity 
range and LOD of UA were found to be 1–50 μM (R2 = 0.9972) and 0.47 
μM, respectively. The RSD value of this biosensor was found to be 1.49% 
that confirmed the repeatability of this sensor in UA detection. The real- 
time analysis of UA in human serum and urine samples showed the 95% 

Fig. 14. Presentation of uricase-based Th-MOF colorimetric biosensor for highly sensitive and selective detection of UA. [Reprinted with permission from ref [46]. 
Copyright 2019, Elsevier] 
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to 106.1% recovery, which authenticates the practicability in addition 
to the repeatability of Ag5PMo12@PPy based colorimetric sensor. 
Therefore, the Ag5PMo12@PPy biosensor is reliable for sensing UA in the 
meadow of bioanalysis along with clinical diagnosis [92]. 

The literature survey reported that MOFs could be used as an 
excellent substrate for enzyme immobilization. Possibly, it may because 
of their high surface area, tunable porosity, and excellent stability. In 
this context, Liu and investigators synthesized a stable hierarchically 
porous MOFs, namely HP-MOFs or HP-DUT-5 (Dresden University of 
Technology). In brief, DUT-5 was synthesized using 4,4′-Biphenyldi
carboxylic acid (BPDC) and aluminum nitrate nonahydrate and then 
modified into HP-DUT-5 using Al3+/BPDC/dodecanoic acid followed by 
immobilization of uricase: HRP with a ratio of 4:1 on the surface of HP- 
DUT-5 (Uricase@HRP@HP-DUT-5) for detection of UA. The cascade 
enzyme activity of Uricase@HRP@HP-DUT-5 biosensor was measured 
by UA oxidation and the chromogenic substrates, namely 4-aminophe
nazone and 2, 4-dichlorophenol sulfonate in Tris buffer (pH 7.5). After 
the addition of low to high concentrations of UA, the color changed from 
very light pink to deep pink within 30 min of incubation at ambient 
temperature. Concisely, the concentration of UA showed a proportional 
relationship with the absorbance of samples. The linear concentration 
range and LOD of UA were found to be 5–100 μM and 0.8 μM, respec
tively. In addition, the method resulted in 87% residual activity after 5 
times that confirmed their reusability in UA detection. 

Uricase@HRP@HP-DUT-5 biosensor showed the high selectivity to
wards the UA in the presence of urea, sodium chloride, glucose, ascorbic 
acid, etc. Overall, the uricase@HRP@HP-DUT-5 colorimetric biosensor 
offers simplicity, high sensitivity, good recyclability, and high selec
tivity. Hence, this colorimetric sensor opens a new era for the detection 
of UA and other biomolecules such as glucose in clinical samples [93]. 
Yet, another similar line of work reported the detection of UA using 
mimic multi-enzyme systems in HP biomimetic MOFs colorimetric 
biosensor (Fig. 16). Briefly, porphyrinic MOFs composite [PCN-244(Fe)] 
was synthesized using zirconium chloride and Fe-TCPP [TCPP = tetrakis 
(4-carboxyphenyl)porphyrin]. Later, the HP-based PCN-244(Fe) namely 
HP-PCN-224(Fe) was synthesized using zirconium chloride and Fe-TCPP 
followed by the activation using hydrochloric acid and N, N’-dime
thylformamide. Finally, uricase immobilized on the surface of HP-PCN- 
224(Fe) and obtained uricase-HP-PCN-224(Fe) biosensor used for the 
measurement of UA in the presence of 2, 4-dichlorophenol sulfonate and 
4-aminophenazone. Interestingly, UA reacts with oxygen under the 
uricase catalysis that produces H2O2 and allantoin. Then, H2O2 oxidized 
the 2, 4-dichlorophenol sulfonate and 4-aminophenazone and resulted 
in a colored product. The absorbance of the obtained solution was 
demonstrated direct proportionality to the concentration of UA in 
samples. The linear concentration range and LOD for UA were found to 
be 5–1000 μM and 1.8 μM, respectively. In addition, it showed a high 
selectivity towards the UA in the presence of glutamic acid, urea, 

Fig. 15. Synthesis of Ag5PMo12@PPy and the corresponding colorimetric UA biosensor by utilizing Ag5PMo12@PPy as peroxidase mimics (A). Ag5PMo12@PPy 
toward UA colorimetric biosensing based on peroxidase-like activity (B). [Reprinted with permission from ref [92]. Copyright 2020, American Chemical Society.] 
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ascorbic acid, glucose, urea, and maltose, and confirmed the feasibility 
of synthesized colorimetric biosensor. In conclusion, this sensor offers a 
great potential for biosensing and biomedical applications [94]. 

The growth of point-of-care (POC) technology has been boosted by 
portable devices with quick analysis and reasonably priced methodol
ogies for clinical diagnostics and could potentially reduce mortality 
scores. In 2020, Kau and coauthors reported the smartphone mediated 
biomimetic ZIF-8 based nanoreactor colorimetric paper namely SBMCP 
for detection of different biomolecules including UA. Initially, bio
mimetic enzyme (Urease- HRP)-MOFs (i.e. Urease- HRP-BEMs or UH- 
BEMs) nanoreactor was synthesized based on urease, HRP, and ZIF-8. 
Later, UH-BEMs were developed by the coating of previously devel
oped BEMs on the surface of raw paper. Finally, a smartphone-based 
software was developed that contains the recording ability of Hue- 
Saturation-Value (HSV). Biosensing experiments have been conducted 
for detection of UA wherein UA sample drop cast on the surface of 
SBMCP biosensor followed by TMB addition that produces the visual 
color. Then, this obtained red color was captured by using a Smartphone 
camera followed by analysis using designed software. Interestingly, it 
showed the linear response within the concentration range of 0.4–1 mM 
(R2 = 0.988). Moreover, the LOD was found to be 0.5 mM that can help 
to diagnose the UA-related health issues by using human plasma. 
Interestingly, the addition of an extremely low concentration of UA 
(about 0.5 mM) resulted in color changes, which can be detected by the 
naked eye. The spiked recovery of UA using paper biosensor was found 
to be 103.1% to 106.3% that confirmed the feasibility of sensing. In 

addition, it showed excellent selectivity in presence of different inter
ference such as amino acids, glucose, proteins. In conclusion, this paper- 
based biosensor will open a new avenue in the non-invasive detection of 
UA and other biomolecules along with plenty of advantages in terms of 
high sensitivity, selectivity, and simplicity [95]. In a nutshell, MOF- 
based colorimetric biosensor offers plenty of meticulous benefits in 
terms of sensitivity, selectivity, simplicity, feasibility, recyclability, etc. 
that can open a new horizon for biosensing of UA in clinical samples. 
Table 3 summarized the various types of MOF, a precursor used, the 
LOD, and the linearity range of UA using surface architectured MOF- 
based colorimetric biosensors. 

4. Summary 

Abnormal levels of UA will adversely raise the risk of gout and other 
related health issues. UA can serve as a biomarker by detecting its 
concentration in the urine and serum to make that judgment of such 
diseases. Several identification methods for UA such as enzyme-based 
method, chromatographic method have been reported. Unfortunately, 
the complex measuring techniques and expensive instruments restrict 
their practical applications. A sensitive and convenient procedure for 
detecting UA is urgently requested for diagnosis and care. Luminescent, 
electrochemical, and colorimetric sensors have in recent years brought 
much focus to the benefits of installation, low costs, and repetitiveness. 
Interestingly, MOF-centric UA biosensing has received considerable 
attention due to its incredible advantages and its ability to provide a 

Fig. 16. Enzyme@HP-PCN-224 (Fe) biosensor for UA sensing. Scheme of the 6-connected D3d symmetric Zr6 (a) and tetratopic TCPP ligand in PCN-224(Fe) (b). 
Design of PCN-224(Fe) crystal structure (c). Representation of the normal synthesized PCN-224(Fe) (d). The synthesis of HP-PCN-224(Fe) with a modulator/ 
surfactant-induced strategy (e). The representation of HP PCN-224(Fe) activation (f), and mimic multi-enzyme systems (g). [Reprinted with permission from ref 
[94]. Copyright 2018, American Chemical Society). 
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speedy platform to expand molecular interaction. A nanoarchitectured 
MOF biosensing assay enables a lower detection limit from μM to nM for 
early detection of gout and hyperuricemia. Due to its tunable properties 
and the extremely attractive interaction between UA and chosen MOF, 
higher specificity and extraordinary sensitivity can be achieved. 
Comparative measurement of biomarkers using MOF-based biosensors 
such as colorimetric biosensors, fluorescent biosensors, and electro
chemical biosensors can be a suitable substitute for UA biosensing. The 
hydrogen bonding between UA and the MOF nanosized framework 
containing fixed ligand is accountable for the modification of the 
pyrene-functional ligand molecule conformation and fluorescence 
emission properties. The dual transition in conformation (excimer to 
monomer) helps to use the MOF material for UA biosensing. The prac
tical test papers provided by ZJU-158-Tb offer rapid monitoring for 
irregular UA levels of artificial urine and serum with a distinct shift in 
color that can even be characterized by the naked eye. Remarkably, UA 
can efficiently quench the fluorescence of novel UiO-PSM MOF via 
hydrogen bonding, coordination, and π − π interactions. In this case, 
biosensor could detect UA within one minute, along with a limit of nM 
detection and a large linear UA detection range. Excellent recovery and 
precision in UA sensing suggested that this colorimetric biosensing 
system based on proven Th-MOF is suitable for disclosing UA in actual 
experimental samples. MOF nanozyme with peroxidase mimicking 
ability is a wonderful candidate for UA biological sensing in real spec
imens, especially in care diagnosis. The manufactured CNCo/GCE 
electrode offers a greater electrocatalytic activity for oxidizing the UA 
and a greater peak current as compared to the bare GCE electrode. It 
may due to the high pore volume, high surface, and highly distributed 
CNCo active sites. In Au/Co@HNCF, the number of catalytic sites, high 
activeness, organized structure, special nanoporous carbon provides the 
lowest detection limit for UA, which could be useful in detecting dis
eases. Polypyrrole-coated polyoxometalate-encapsulated 4-fold helical 
MOF uricase-free method for selective and sensitive colorimetric sensing 
of UA offers a detection limit up to μM. The substance lowers H2O2 at a 
lower operational potential due to the presence of Cu+ and Cu in 
providing composite particles, which lead to an improvement of the 
biosensor’s selectivity. Besides, the carbon and copper present in the 
core nanostructure of the MOF biosensor lead to an increase in the 
electron transfer and eventually increased biosensor sensitivity. A 
recently published research study suggested that the adsorption 
enhancement and distinguished potential regulation approach in MOF 
biosensor showed the simultaneous detection of UA in real-time samples 

with elevated sensitivity up to nM and good anti-interference potential 
in the presence of different analogues. Fascinatingly, the π–π stacking 
interaction between ZIF-67/g-C3N4 containing 3D imidazole structure 
and UA/acetaminophen-containing phenyl structures resulted in the 
adsorption of analyte on ZIF-67/g-C3N4/GCE surface. Overall, compar
ative measurements of gout biomarkers (especially UA) using experi
ments indicate that biosensors based on MOF are more sensitive, 
selective, and rapid. 

5. Future prospects and challenges 

Gout is a chronic disease with a gradual onset and steady growth, 
leading to increased levels of UA. Since the prevalence of gout in the 
next few decades is projected to rise exponentially, analysis technologies 
to sensibly, accurately, and economically diagnose gout biomarkers 
should be created. Furthermore, an early review of gout biomarkers 
levels leads to wise choices and the best treatment options resulting in an 
increase in the overall therapeutic efficacy. Specifically, monitoring of 
UA levels in different body fluids has drawn momentous interest over 
the last few years that may due to its clinical importance. Several ap
proaches such as electrochemical sensors, liquid chromatography and 
capillary electrophoresis have majorly contributed to supervising the UA 
level. Despite the merits of these reported methods, they have major 
lacunas such as low sensitivity, time-consuming, and much expensive. 
As a result, the POC diagnostic policy for UA is still demanding to 
research scholars. In the last decade, the applications of advanced 
nanomaterial such as 2D carbon nanomaterial (graphene quantum dots, 
graphene oxide), metal nanoparticles (AgNPs, AuNPs), and metal oxides 
for the fabrication of different types of biosensors have gained much 
interest. In addition to the nanomaterials, well-defined hollow MOF 
synthesized using organic linker and a metal ion is also used for detec
tion of biomolecules, gas sensing, and catalysis. It may because of their 
diverse chemical properties and tunable network structure. Taken as a 
whole, the high surface area, tunable porosity, elastic complex, and easy 
functionalization of MOF make them suitable in gout biosensing appli
cations. Furthermore, the combination of MOF with other materials such 
as metal nanoparticles, carbon materials, polymer, could synergistically 
improve sensitivity in UA detection. Various studies have described the 
sensitivity of MOF-based biosensors for UA detection with a lower LOD 
up to nM. Despite these notable developments in the biosensing of UA 
using MOF, there is still a need to improve the overall performance of 
MOF biosensors in terms of sensitivity and selectivity. This could help 

Table 3 
Summary of surface architectured MOF based colorimetric biosensor for ultrasensitive detection of UA.  

Sr. 
No. 

MOF- 
basedcomposite 

Precursor(Initial 
material) 

Linear 
range 

LOD Clinical 
sample 

Silent features Ref. 

1. Th-MOF Thorium 
tetranitratepenta- 
hydrate 

4.0 μM 
− 70 μM 

1.15 
μM 

Serum and 
urine 

Th-MOF showed a peroxidase-like mechanism for oxidizing TMB in 
presence of H2O2 (uricase catalyzed intermediates). 

[46] 

2. Uricase@HRP@HP- 
DUT-5 

DUT-5 5 μM – 
100 μM 

0.8 
μM 

— Uricase@HRP@HP-DUT-5 colorimetric biosensor offers high 
sensitivity, good recyclability, and towering selectivity. 

[93] 

3. Ce-MOf Ceric ammonium 
nitrate 

0 mM – 
1000 mM 

39.6 
μM 

Fetal bovine 
serum 

It provides a good performance as compared to theHRP-based 
detection. In addition, it showed excellent color stability, real-time 
applicability, and high sensitivity. 

[90] 

4. UiO-66-Fc Zr-MOF 50 μM −
600 μM 

1.18 
μM 

— UiO-66-Fc showed enhanced catalytic activity, Low LOD, wider 
linear range, and favorable reusability. It is a simple colorimetric 
method that can be used for the quantitative detection of UA. 

[91] 

5. MIL-53(Fe) Iron(III) chloride 
hexahydrate 

4.5 μM −
60 μM 

1.3 
μM 

Human urine 
and serum 

MIL-53(Fe) based colorimetric sensor shows the peroxidase-like 
activity and catalyzes the TMB oxidization by H2O2 along with high 
efficiency. 

[26] 

6. Ag5PMo12@PPy AgNO3 1 μM − 50 
μM 

0.47 
μM 

Serum and 
urine 

Ag5PMo12@PPy based colorimetric biosensor exhibited catalytic 
oxidation of colorless TMB to emit colored TMB in the presence of 
H2O2. 

[92] 

7. Uricase-HP-PCN-224 
(Fe) 

PCN-224(Fe) 5 μM 
− 1000 μM 

1.8 
μM 

— It provides the lower LOD up to μM concentration. It gives the high 
selectivity for UA in presence of different interfering agents. 

[94] 

8. UH-BEMs ZIF-8 0.5 mM – 
1 mM 

0.5 
mM 

Plasma It provides the ability to detect the UA levels by the naked eye. 
Moreover, it offers high sensitivity and selectivity towards the UA. 

[95]  
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diagnose and manage gout at an early stage. Although momentous 
progress has been made in the sensing of disease biomarkers, there are 
some limitations for MOF performance. In the future, for further 
improvement of stability, and biocompatibility of MOF-based bio
sensors, there is a huge need to perform critical trials and assessments. 
On this account, the toxicity of metal salts, ligands, and MOF should be 
considered separately. This will help in the development of biocom
patible MOF. In addition, non-toxic metals such as Zn2+, Mn2+, Fe2+, 
Cu2+, Ca2+, Mg2+, Au3+, Ag+ can be used to reduce toxicity and enhance 
biocompatibility towards the biomarker. MOF toxicity is related to 
morphology, crystallinity, and composition. MOF-based biosensors for 
UA are also known to have stability issues. Further research work is a 
prerequisite to address these limitations for refining the overall perfor
mance of MOF-based biosensors. In the future, it may be one of the main 
trends for MOF-based biosensors to achieve functional MOFs with high 
stability, low toxicity, and high biocompatibility. The reported MOF- 
based biosensors offer sensitivity up to μM to nM range. In the future, 
the modifications using different 2 D materials in MOF-based biosensors 
can increase the sensitivity and selectivity of the biosensor. As a result, it 
can provide extremely low detection limit for UA. Furthermore, MOF 
can be functionalized using different affinity receptors that can improve 
the selectivity towards the UA only in complex samples. Accordingly, 
the reproducibility of MOF biosensors in UA estimation can be 
improved. All these improvements can help reduce the total analysis 
time and cost. Besides, it can improve UA detection in the clinical 
sample without failure. In a nutshell, with groundbreaking innovations 
in MOF biosensors, there is a need for cross-validation of methodologies 
by academic and industrial laboratories. Future longitudinal studies 
should involve the finding of positive cutoffs,specificity and sensitivity 
for detecting gout biomarkers. In conclusion, MOF-based biosensors can 
unlock the novel windows for the early diagnosis of gout with high 
sensitivity and selectivity towards the UA. 

6. Conclusion 

With the increase in the prevalence of gout in recent years and no 
satisfactory cure, early diagnosis is important to prevent complications 
and rapid worsening. A suitable biosensor can facilitate the early-stage 
diagnosis of gout. With the current innovation in the field of uncon
ventional material and material science, MOF has advanced in a way to 
be exploited in manifold technologies in the arena of biomedical. 
Furthermore, along with versatility in structures of biosensor and 
functions of a biosensor, MOF-based biosensor has gained colossal 
attention from young researchers working in the arena of biosensing of 
various diseases and disorders. The biosensing plus diagnostic capability 
of nanoarchitectured MOF in gout can be improved through PSM. With 
the utilization of novel inorganic materials, the efficacy of nano
architectured MOF can be amplified equally in the ground of gout 
therapy and gout biosensing. Furthermore, the nanoarchitectured MOF- 
based fluorescent biosensor, electrochemical biosensor, and colori
metric biosensor could be reused several times in UA biosensing events. 
Additionally, MOF biosensors could be used as a reliable tool to detect 
UA in clinical/body fluid samples such as serum and urine. Recently, 
paper-based tests for on-site UA detection have been reported using 
MOF material-based biosensors. A paper-based test can be used for a 
tentative diagnosis of UA-associated hyperuricuria. In the case of MOF- 
based colorimetric biosensors, the UA concentration can be measured 
using smartphone-associated software. In addition, various metal/ 
polymer composites-based MOF also divulged that this advanced 
biosensor is capable of detecting UA in clinical samples such as human 
urine, serum/plasma, and tear samples. In a nutshell, significant prog
ress was made in the biosensing of UA using MOF-based highly sensitive 
and selective biosensors. Soon, a nanoplatform centered on MOF can be 
expected to be on the market in one or more biomedical fields. 
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Abstract
                         

The present work aims to synthesize nitrogen-doped reduced graphene oxide-titanium dioxide 
nanocomposite (N-rGO@TiO2) using a simple, eco-friendly method and its applications in 
spectroscopic detection of heavy metal ions such as lead (Pb2+), mercury (Hg2+), and chromium-VI 
[Cr(VI)] in potable water. Initially, TiO2 nanoparticles loaded N doped rGO sheets were fabricated 
by an ecological method using Gossypium hirsutum (cotton) seeds extract as a green reducing agent. 
Then, the N-rGO@TiO2 nanocomposites were subjected for characterizations such as spectroscopic 
techniques, particle size analysis, zeta potential analysis, and spectroscopic sensing. Notably, the 
results of this study confirmed that N-rGO@TiO2 exhibited countless stupendous features in terms 
of sensing of an analyte. Briefly, the UV-visible spectroscopy and Fourier transform infrared (FTIR) 
spectroscopy confirmed the successful synthesis of N-rGO@TiO2. The SEM images showed the 
wrinkled, folded, and cross-linked network structures that confirmed the surface modification and 
nitrogen doping in the rGO sheet and synthesis of N-rGO@TiO2. The EDAX study confirmed the 
elemental composition of the N-rGO@TiO2 nanocomposite. Finally, due to the larger surface area, 
porous nature, high electron mobility, etc. the N-rGO@TiO2  probe provides the lower detection limit 
for Pb2+, Hg2+, and Cr (VI) as low as 50 nM, 15 µM, and 25 nM, respectively. Concisely, our study 
affirms the admirable sensitivity of N-rGO@TiO2 nanocomposite to the Pb2+, Hg2+, and Cr (VI) in 
potable water can provide better environmental remediation.

Keywords: Graphene oxide, N-rGO@TiO2, Nanocomposite, Cotton-seed, Heavy metals, 
Biodegradable, Sensing

Introduction

Over the past two decades, graphene-based 
materials are gaining tremendous attention from a 
scientific fraternity in various fields [1-3]. It may 

because of its astonishing properties and potential to 
revolutionize the scientific sector [3-5]. Graphene can 
be used to fabricate several dimension materials such 
as 1D nanostructure [6], 2D layer stacked films [7], 3D 
graphene hydrogel [7-9], and aerogel [10-13], etc. Out 
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of various properties, graphene exhibited a high surface 
area in contrast to carbon nanotubes (CNTs) [14]. Also, 
it significantly enhances the electrochemical activity of 
various metal oxides such as titanium dioxide (TiO2), 
zinc oxide (ZnO), etc). Several reports mentioned 
that the graphene in combination with photocatalysts 
resulted in the enhancement of the adsorption of 
pollutants [15-17]. Interestingly, several scientific 
groups are working on the conversion of graphene 
into a different unique form of graphene. On this 
account, the further modification of graphite (graphene) 
through oxidation gives the utmost graphene oxide 
(GO) [13, 18] and other structural models [13, 19-21]. 
Herein, GO exhibited abundant oxygen functionalities 
including carboxyl, epoxy and hydroxyl [22-24]. 
This GO containing oxygen functionalities, structural 
defects [25, 26] can be used for a range of applications. 
Further continuous development in GO leads to the 
synthesis of reduced GO (rGO). On this account, 
several methods have been reported for the rGO but 
they have some demerits such as influences of original 
electronic properties of graphene. Majorly reported 
methods can lead to ion doping and there is a chance of 
the presence of aggregate in nanocomposites. Besides, 
the uses of chemical reducing agents for the synthesis 
of rGO are hazardous, potentially explosive, and highly 
toxic to human health plus environments. Therefore, 
there is a need to stay away from the use of such toxic 
chemical agents. On this account, several eco-friendly 
green reducing agents (biomolecules, plant extracts 
and microbes) have been reported for the synthesis 
of rGO that acts as a capping agent and reducing 
agent [27]. Plenty of plant metabolites have been 
utilized for the fabrication of rGO for example plant 
extracts containing amino acids, vitamins, saccharides, 
microorganisms, proteins, etc. [28, 29]. Briefly, Zhang 
et al. reported vitamin C as a reductant for GO in 
combination with L-tryptophan [30]. Gou and co-
workers confirmed that GO can be reduced using 
L-cysteine (amino acid) [31]. In a similar line, Dong et 
al. reported the synthesis of rGO using reducing sugar 
(fructose, glucose) [32]. Overall, these novel green 
synthesis approaches are based on several methods 
such as solvothermal, hydrothermal, electrochemical, 
microwave, and UV irradiation approaches [24]. It 
means the broader interest in green chemistry and 
environmentally sustainable synthesis of GO could 
be contributing to many new approaches for reducing 
GOs as excellent alternatives to traditional chemical 
processes.

From its inception, titanium dioxide (TiO2) 
is extensively used in various pharmaceutical 
formulations such as toothpaste, ointments, paints and 
sunscreens. Furthermore, TiO2 has attracted significant 
attention in material chemistry and it has been well 
investigated by the research scholars. It may because 
of its strong redox ability, long-term stability against 
photo-corrosion and chemical corrosion, relative non-
toxicity, and excellent optical plus electrical properties 
[27, 28, 33]. On the other hand, the photocatalytic 
potential of TiO2  is restricted owing to its low 
photocatalytic sensitivity in the UV region and the fast 
recombination of photogenerated electron-hole pairs 
[29, 31]. In this line, the photocatalytic performance 
of TiO2 can be increased by optimizing optical 
absorption and charge transfer characteristics. It is 
worth mentioning that the photocatalytic performance 
of TiO2 can be improved when combining with types 
of graphene-based nanocomposites [34-36].

In the last  few years ,  several  heteroatoms 
including boron (B), phosphorus (P), sulfur (S), 
and nitrogen (N) have been successfully explored 
in sensing applications. The heteroatom doped 
nanocomposites lead to an improvement in overall 
required characteristics of novel synthesized material 
for sensing of different interest analyte [37, 38]. 
Among these above mentioned heteroatoms, the 
doping of N is of notable interest as of its electron-
rich nature, comparable size to that of carbon and 
high electronegativity of ‘N’, which might provide an 
appropriate location to fit into the graphene lattice. The 
finally obtained ‘N’ doped graphene composites can 
be used for various applications [39-43]. In the line of 
doping-based sensing, the majority of investigations 
have been focused on N-doping only. Remarkably, it is 
well known to induce favorable changes like increasing 
conductivity into the carbon material [38, 44] and high 
activity in the redox reactions in fuel cells [45]. As per 
literature, the synthesis of N-doped carbon material 
can be achieved through several pathways including 
post-treatment of carbon with ammonia [46], amines, 
or urea [47] and also it can be synthesized using more 
direct approaches using acetonitrile [48], pyrrol [49], 
polyacetonitrile [2, 50] as starting compounds.

As we know, the numbers of heavy metals naturally 
present in the environment that is in the normal range. 
unfortunately, during development in a different sector, 
the amount of heavy metals in nature is rising rapidly. 
it may due to various manufacturing and smelting 
activities. in addition to that, old infrastructure water 
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sources, pollution from vehicles, polluted paint, 
different fertilizers, plastic, etc. are also helped to raise 
the level of heavy metals [51]. It is worth mentioning 
that most developed and under developing countries 
are suffering from issues of heavy metal pollution 
[52]. Nowadays, it becomes a major problem. in 
addition to that, presently we are suffering good 
quality water shortages due to water contamination. 
in this framework, the various pollutants including 
heavy metals are harmful to human beings plus the 
environment. it majorly affects the quality of the 
naturally available water. besides, because of the 
presence of such heavy metals, it causes many health 
issues such as gastrointestinal diseases, muscular 
diseases, tumors, reproductive diseases, neurological 
diseases, genetic disorders, etc [51]. therefore, there 
is a need to detect the level of heavy metals in potable 
water and separate it. numbers of research groups are 
working on the detection and separation of such water 
contaminants. nevertheless, most of the approaches 
are suffering from some hurdles such as sensitivity, 
selectivity. also, the chemically synthesized materials 
for sensing pollutants are limited its applications due 
to the use of toxic chemicals for the synthesis of such 
nanocomposites [51, 53-55].

In this attempt, we have synthesized N-rGO@
TiO2 nanocomposites for sensing heavy metal ions. 
Initially, we synthesized N-rGO@TiO2 via fixing of 
TiO2 nanoparticles on GO sheets by a simple, green, 
eco-friendly, single-step method wherein cottonseeds 
extract is used as a green reducing agent. Finally, the 
spectroscopic detection of heavy metal ions from the 
potable water was investigated using stable N-rGO@
TiO2 nanocomposite. As a result, the N-rGO@TiO2 
nanocomposites based spectroscopic detection of 
Pb2+, Hg2+, and Cr (VI) ions exhibited a good ability 
to detect these heavy metal ions in potable water 
efficiently. Taken as a whole, N-rGO@TiO2 could be 
a simple, rapid and economic method for heavy metal 
detection in water. In the future, our present work can 
encourage the N-rGO@TiO2 based future applications 
to remove Pb2+, Hg2+, and Cr (VI) ions from potable 
water.

Experimental
Materials

Graphite flakes (particle size 8 µm, 99.9995%) were 
gifted by Asbury Carbons, New Jersey, USA. All of 
the chemicals utilized in this present work were of 

analytical grade and applied as received without further 
purification. Green source, cotton-seed was collected 
from the cotton processing center, Shirpur (MS), India.

Synthesis of graphene oxide

Initially, GO was synthesized using a modified 
Hummers method followed by slight modification 
[56]. In brief, sulfuric acid (H2SO4) and phosphoric 
acid (H3PO4) in the ratio of 27 mL:3 mL were mixed 
properly followed by stirring for 15 min using a 
magnetic stirrer at 200 rpm. Subsequently, 0.225 g of 
graphite powder was added into the above mixture 
with constant stirring. After that, 1.32 g of potassium 
permanganate (KMnO4) was added slowly into the 
previous graphite powder mixture followed by stirring 
up to 6 hrs until the color of the mixture became dark 
green. Then, hydrogen peroxide (H2O2, 0.675 mL) 
was dropped slowly followed by stirring for 10 min to 
eliminate the excess of KMnO4. After completion of 
the reaction, the obtained mixture was cooled at room 
temperature. Furthermore, this mixture was purified 
three times by using hydrochloric acid (HCl) and DDW 
(1:3 ratio) and centrifuged using a cold centrifuge at 
7000 rpm (for 20 min at 25 °C). Finally, the obtained 
product was dried at 60 °C for 24 h.

S y n t h e s i s  o f  N - r G O @ Ti O 2 n a n o -
composite

Firstly, the following steps were implemented for 
the preparation of the N-rGO@TiO2 nanocomposite. 
Ini t ia l ly,  GO (75 mg) was dispersed into 10 
mL of DDW followed by continuous stirring at 
room temperature (200 rpm). Then, sonication of 
nanocomposites was completed for 30 min. After that, 
the collected cotton seed powder (50 mg) was added 
into 50 mL of DDW and refluxed for 1 h. After that, 
the seed extract was filtered and further concentrated 
by centrifugation (7500 rpm for 30 min) using a cold 
centrifuge (Refrigerated Centrifuge, Elteck Overseas 
Pvt., India). The obtained concentrated filtrate was 
used for further phytochemical testing and the 
nanocomposite synthesis process. Simultaneously, TiO2 

dispersion was prepared by dispersing 50 mg TiO2 into 
10 mL DDW followed by sonication for 30 min. After 
that, cotton seed extract GO and TiO2 dispersions were 
mixed (2:6:2) and heat on a water bath for 6 h (90 °C). 
Consequently, the obtained composite was freeze-dried 
using a laboratory freeze dryer (Freezone12, Labconco, 
MO, USA). The N-rGO@TiO2 composite was 
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prefreezed at –30 °C for 12 h. After that, the primary 
drying of N-rGO@TiO2 composites was performed at 
–53 °C and 0.016 mbar for 24 h. Then, the secondary 
drying of N-rGO@TiO2 composites was performed at 
10 °C for 8 h followed by drying at 25 °C for 4 h with 
a gradual increase in temperature at 1 °C/min. Finally, 
the temperature of the cold trap was maintained at 
–53 °C until the completion of the drying process. 
This resulted in N-rGO@TiO2 composite powder was 
further used for subsequent evaluation studies.

Characterization of N-rGO@TiO2 nano-
composite

The synthesized GO and N-rGO@TiO2 nano-
composite was characterized by various spectroscopic 
techniques. Initially, the UV-visible spectra of GO 
and nanocomposite were recorded between 800-400 
nm through UV 1800 spectrophotometer (Shimadzu, 
Japan) using a quartz cuvette. The functional groups 
of GO and N-rGO@TiO2 nanocomposites were 
examined using an IR spectrophotometer (DRS 
8000 IR spectrophotometer Shimadzu 8400s, Japan) 
and scanned over a wave range of 4000-400 cm-1. 
The morphology and elemental analysis of GO and 
N-rGO@TiO2 nanocomposite were examined under 
a scanning electron microscope (SEM) with 15 kV 
acceleration voltage and interpretation was carried 
out on Bruker, 1530-2 FESEM/EDX, Germany. The 
particle size analysis, as well as zeta potential of 
synthesized GO and N-rGO@TiO2 nanocomposite, 
were measured using Nanoplus 3 Particulate System 
(Micromeritics, USA). Composite shape, size, were 
analyzed by using High-Resolution Transmission 
Electron Microscope (HR-TEM, Jeol/JEM 2100) using 
the LaB6 light source at 200 kV.

Spectroscopic sensing of heavy metal 
ions by N-rGO@TiO2 nanocomposite
Sensing of  Pb 2+ by  N-rGO@TiO 2 nano-
composites 

The selective detection of Pb2+ was performed by 
UV visible spectroscopic method. Typically, a stock 
solution of 1 mM lead (II) chloride (PbCl2) in water 
was prepared in DDW. After that, 1 mL of 10 nM, 25 
nM, 50 nM, 250 nM, 500 nM, 1000 nM, 2500 nM, 
5×103 nM, 75×102 nM and 1×104 nM concentrations 
of Pb2+ were added into separate vials. Simultaneously, 
N-rGO@TiO2 nanocomposite solution (1 mg/mL) 
was prepared in DDW. Then, 2 mL of N-rGO@TiO2 
nanocomposite solution was added above different 

test tubes. Similarly, the real-time sensing of the Pb2+ 

in spiked sample was performed using N-rGO@TiO2 
nanocomposites. In that, 100 nM concentration of Pb2+ 

was added into vials containing 2 mL of N-rGO@
TiO2 nanocomposite. After thorough shaking, the 
color change in the test tube solution was observed 
by the naked eye followed by a recording of UV-Vis 
absorption spectra from 800-200 nm.

Sensing of  Hg 2+ by N-rGO@TiO 2 nano-
composites 

The absorption spectra of the N-rGO@TiO2 
nanocomposite were recorded by adding different 
concentrations of Hg2+. In brief,  the different 
concentration (10 μM, 15 μM, 50 μM, 100 μM, 250 
μM, 500 μM, 1000 μM)  of HgCl2 were prepared. Then, 
1 mL of this solution was added into 2 mL of N-rGO@
TiO2 nanocomposite solution followed by shaking and 
subjected to 2 min as a resting time. The changes in 
the N-rGO@TiO2 nanocomposite absorbance band 
with the addition of diverse concentrations of Hg2+ 
were monitored by recording absorption spectra from 
800 nm-200 nm. For detection, the different Hg2+ 
concentrations were added separately into the N-rGO@
TiO2 nanocomposite solution followed by mixing and 
allowed to rest. Finally, real-time sensing of Hg2+ was 
performed in a spiked sample using N-rGO@TiO2 
nanocomposites. In that, 75 µM concentration of Hg2+ 
was added into vials containing 2mL of N-rGO@
TiO2 nanocomposite. The color changes in vials were 
observed with the naked eye followed by a recording 
of UV-Vis absorption spectra from 800-200 nm.

Sensing of Cr (VI) by N-rGO@TiO2 nano-
composites 

The detection of Cr (VI) was performed using 
N-rGO@TiO2 through UV visible spectroscopic 
method. Firstly, the stock solution of 1 mM K2Cr2O7 
was prepared in DDW. Simultaneously, N-rGO@TiO2 
nanocomposites solution (1 mg/mL) was prepared in 
DDW. Herein, 1 mL of 10 nM, 25 nM, 50 nM, 250 
nM, 500 nM, 2500 nM, 5×103 nM, 75×102 nM, and 
1×104 nM were added in separate vials. Then, 2 mL of 
N-rGO@TiO2 nanocomposites solution was added into 
previously prepared vials. Real-time sensing of Cr (VI) 
in a spiked sample was performed using N-rGO@TiO2 
nanocomposites. In that, 50 nM concentration of Cr 
(VI) was added into vials containing 2 mL of N-rGO@
TiO2 nanocomposite. After thorough shaking, the color 
changes in the solution were observed by recoding UV-
Vis absorption spectra from 800 - 200 nm. 
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Results and Discussion

The phytoconstituents screening of cotton-seed 
extract was showed the presence of carbohydrates, 
proteins, amino acids, tannins, phenols, alkaloids, 
and flavonoids, etc [57]. Due to the presence of 
phytoconstituents, the green synthesis of rGO-based 
nanocomposites can be possible [58]. 

UV-vis absorption study

The UV absorption spectra of GO and N-rGO@TiO2 
nanocomposite are depicted in Fig. 1. In brief, Figure 
1A demonstrates that the GO dispersion exhibited 
an intense absorption peak at 232 nm (λmax) which 
corresponds to π-π* transitions of an aromatic ring 
containing C-C bonds and slightly low intense shoulder 
peak at 300 nm due to graphene, n-π transitions of 
C-O bonds, respectively. Based on this, it confirmed 
the synthesis of GO. The UV Visible spectrum was 
conducted to investigate the optical absorption 
capability of the N-rGO@TiO2 nanocomposite, as 
shown in Fig. 1. The TiO2 dispersion exhibited the 
characteristic absorption at around 350 nm in the 
UV region. However, a gradual red-shift to longer 
wavelengths was observed for the N-rGO@TiO2 
nanocomposite fabricated using the one-pot method. 
The red-shift absorption was attributed due to the 
construction of the Ti-O-C bond, which reduces the 
band-gap energy of the N-rGO@TiO2 nanocomposites. 
On the other hand, it gets hybridized with O 2p and C 
2p atomic orbital under high pressure and temperature. 
Also, the introduction of ‘N’ into the graphene 
nanosheet resulted in the high absorption intensity 

as compared to the plain TiO2 [59]. So, it confirmed 
that the shift in the absorption in the UV-Vis range of 
N-rGO@TiO2 is due to N-doping.

FTIR analysis

FTIR analysis GO and N-rGO@TiO2 are depicted in 
Fig. 2. Figure 2A shows a broad-band around 3300 cm-1 
that confirmed the stretching vibrations of O-H groups in 
GO. The various prominent vibrational bands (cm-1) for 
GO were observed at ~2900 cm-1, 2800 cm-1, 1730 cm-1, 
1400 cm-1, 1200 cm-1, and 1030 cm-1, which have been 
assigned to symmetrical C-H stretching, unsymmetrical 
C-H stretching, C=O stretching, O-H bending, C-O-C 
stretching and C-O stretching, respectively [60]. 
Therefore, we conclude that the flourishing synthesis 
of GO. Figure 2B confirmed that the FTIR spectrum of 
N-rGO@TiO2 nanocomposite shows a band at ~3561 
cm-1, 3120 cm-1, 2947 cm-1 that confirmed the N-H 
stretching vibrations, O-H stretching, C-H stretching, 
respectively. Furthermore, the peaks at 1670 cm-1 and 
1556 cm-1 which are correspond to the C=N and C=O 
stretching and vibration mode. The peak corresponds 
to C=O stretching, vibration in GO was decreased 
due to the reduction of oxygen functionalities. The 
peak at 1228 cm-1 and 1041 cm-1 was observed due 
to C-O stretching vibration. Two peaks were also 
observed for  Ti-O-C and Ti-O-Ti at 673 cm-1 and 497 
cm-1, respectively [61]. It may due to the interaction 
of TiO2 with rGO sheets. Therefore, based on the 
FTIR, we conclude that the synthesis of N-rGO@TiO2 
nanocomposite. Herein, FTIR spectra of GO confirmed 
that the presence of oxygen functionalities such as –
COOH, –OH, etc. when TiO2  nanoparticles mixed 
with GO, the nanoparticle get fixed on the surface of 
the GO sheet due to the bonding between TiO2  and 
GO that form the new bonds such as –COO–. After 

Fig. 1  UV visible spectra of (a) GO and (b) N-rGO@TiO2 

nanocomposite.
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the successful reduction of GO in nanocomposites, the 
free nanoparticles are entrapped into the 3 D structure 
of nanocomposites via physical entrapment. Finally, it 
gives the 3D self assemble nanosized, stable hydrogel 
[62].

Scanning electron microscopy and 
high-resolution transmission electron 
microscopy

Generally, the SEM is used to confirm the surface 
morphology of materials. Based on this, it facilitates 
the verification of synthesis of nanocomposites. 
Herein, Figure 3(a) and Figure 3(b) shows a wrinkled 
and typical crumpled surface. Also, the sheets are 
stacked together and form a typical multi-layer 
structure of GO. Normally, the wrinkled arrangement 
of GO sheets offers a great rough surface. Besides, 
due to such unique nature of GO sheets, it offers more 
surface for doping of heteroatoms [61]. Figure 3(c) and 
Figure 3(d) show the SEM images of the N-rGO@TiO2 
nanocomposite that confirms the surface morphological 
microstructures of the N-rGO@TiO2 nanocomposite. 
As per Figure 1A and B, the GO sheets show wrinkled 
and folded form, whereas nanocomposites showed 
cross-linking of TiO2 nanoparticles on the surface of 
the GO sheet that formed the network structures in 
N-rGO@TiO2 nanocomposite. The HR-TEM image 
of the N-rGO@TiO2 nanocomposite is shown in 
Fig. 3(e). The TEM analysis demonstrates that the 
spherical shapes TiO2 nanoparticles are distributed 

and attached on the surface of the rGO sheet. The 
size distribution of TiO2 nanoparticles in N-rGO@
TiO2 nanocomposite was found to be 42 nm to 115 
nm. Besides this, the anchoring of TiO2 was found on 
the sheet of the rGO, it might because of the chemical 
bonding and physical entrapment of nanoparticles 
into the mixture of graphene. The morphology of ‘N’ 
doped nanocomposite showed the stacked layer of 
graphene thin layers that resulted in the multilayered 
graphene nanosheet. Notably, the curled edge and 
fold appearance in nanocomposite was credited to 
the defect structure, which may be caused due to the 
‘N’ doped graphene sheet [59]. Overall, the SEM 
and HRTEM images confirmed the rough surface of 
the N-rGO@TiO2 nanocomposite. It may because 
of the attachment of TiO2 nanoparticles on the stable 
dispersion of the nanosized rGO sheet. The formation 
of nanocomposites meant that the restored conjugated 
arrangement of GO sheets reduces and functionalized 
using CSE in an aqueous medium. Overall, it indicates 
partial overlapping and aggregation of flexible GO 
sheets via π-π stacking interaction resulted in 3D 
graphene porous network. During the synthesis of the 
nanocomposite, the GO containing oxygen functional 
groups might be notably reduced during synthesis 
process. Interestingly, the π-π intrinsic interaction 
between rGO is slowly restored in nanocomposites. 
Furthermore, the slight overlapping and coalescing of 
flexible nanosized rGO converted into the 3D porous 
nanostructure. During the synthesis of the composite, 
the nanoparticle completely decorates the rGO 

(a) (b) (c)

(d) (e)

20 kV ×7.00k 20 kV ×18.00k 20 kV ×7.00k

20 kV ×100k

5.00 µm 3.00 µm 5.00 µm

500 µm 200 nm

Fig. 3 The SEM images of (a) and (b) GO, and (c) and (d) N-rGO@TiO2 nanocomposites; the HRTEM image of (e) N-rGO@TiO2 
nanocomposite.
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sheets. It helps to avoid the aggregations of graphene 
nanosheets. Automatically, it improves the volume 
and surface areas of nanocomposites. Fascinatingly, 
TiO2 nanoparticles also provide the bridge to connect 
the RGO nanosheets via chemical bonding, and 
finally, it is converted into the pores with smaller 
size. Simultaneously, π-π intrinsic conjugation gets 
weakened in rGO and it provides a high quantity of 
TiO2 anchoring on the surface of 3D graphene sheet 
[63].

Elemental analysis by EDAX

The elemental composition of nanocomposites 
plays an important role for to achieve the highly 
sensitive detection of the analyte. In this context, the 
EDAX provides the details of elements present in the 
composition. In this report, Figure 4(a) demonstrates 
the EDX spectra of GO, which confirmed the presence 
of carbon (C) and oxygen (O) at about 34.31 wt% and 
64.69 wt%, respectively. As per literature, the presence 
of ‘O’ confirmed the different ‘O’ functionalities are 
present on the surface of the GO sheet. It provides 
the bonding among different metal ions, which helps 
to sense the interest analyte. Besides, it also acts as 
an intermediate for nanocomposite synthesis. The 

doping of ‘N’ in nanocomposite can confirm based 
on the percent composition of ‘N’ present in the final 
formulation. In this report, Figure 4(b) provides the 
EDAX spectrum of N-rGO@TiO2 nanocomposites. 
In brief, EDAX spectra of N-rGO@TiO2 confirmed 
that the 1.45 wt% of ‘N’ and 43.77 wt% of ‘C’ were 
present in the nanocomposite. The analysis of EDAX 
spectra showed a significant decrease in ‘O’ about 38 
wt%. It may due to the doping of ‘N’ on the GO sheets. 
Furthermore, the content of ‘Ti’ was found to be 16.78 
wt%. Therefore, based on the existing elements such 
as N, C, O, Ti, confirmed the complete formation of 
N-rGO@TiO2 nanocomposite.

Particle size and zeta potential analysis

Particle size analysis is performed to confirm the 
distribution (or average diameters) of nanomaterials, 
whereas zeta potential provides the information 
about the stability of nanocomposite. Figure 5(a) 
demonstrates the particle size distribution of 
synthesized GO. Herein, the average diameter of 
GO was found to be 81.2 nm (Figure 5(a)). The 
polydispersity index of GO dispersion was found to 
0.42, which confirmed the uniform distribution of 
GO nanosized sheets in dispersion. The zeta potential 

Fig. 4 EDX spectra of (a) GO and (b) N-rGO@TiO2 nanocomposites.

900

800

700

600

500

400

300

200

100

0

2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

C
PS

 (e
V

)
(×

0.
00

1)
C

PS
 (e

V
)

0 1 2 3
keV

4 5 6

2 4 6 8 10 12 14 16 18
keV

O

TiC
O

Ti
N

(a)

(b)

C



186 Nano Biomed. Eng., 2021, Vol. 13, Iss. 2

http://www.nanobe.org

analysis of GO dispersion was found to be -23.00 mV 
(Figure 5(b)). Therefore, it confirmed the uniform 
distribution and stability of nanosized GO sheets 
in dispersion. Figure 6(a) provides the particle size 
distribution of the N-rGO@TiO2 nanocomposite. 
The average particle size of the N-rGO@TiO2 
nanocomposite was found to be 357.6 nm that assured 
the synthesis of the N doped nanosized composite. 
The polydispersity index of nanocomposite was found 
to be 0.51 that confirmed the uniform distribution of 
nanocomposite in water. The zeta potential analysis of 
N-rGO@TiO2 is depicted in Fig. 6(b). The nanosized 
composites showed a positive zeta potential of 

about +29.55 mV, which confirmed the stability of 
the nanocomposite and successful doping of N into 
the rGO sheet. Overall, based on these findings, it 
confirmed that the N-rGO@TiO2 composite exhibited 
the nanosized distribution and high stability in 
dispersion.

Spectroscopic sensing of Pb2+, Hg2+, and 
Cr (VI) by N-rGO@TiO2 nanocomposites

In this study, the synthesized N-rGO@TiO2 
nanocomposite was checked for the spectral as well as 
optical detection of the above mentioned heavy metal 

Fig. 5  (a) Particle size and (b) zeta potential of GO.
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Fig. 6 (a) Particle size and (b) zeta potential of N-rGO@TiO2 nanocomposite.
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ions. The details of the sensing study are discussed in 
the respective subsection.

Sensing of Pb2+  

The synthesized N-rGO@TiO2 nanocomposite 
was tested for the spectral and optical detection of 
Pb2+ ions. In brief,  the detection of Pb2+ ions by 
N-rGO@TiO2 nanocomposite revealed that the UV-
visible spectra absorption peaks decreased with an 
increasing concentration of Pb2+ ions are shown in 
Fig. 7. The changes in the UV spectra of the N-rGO@
TiO2 nanocomposite solution help to calculate the 
nM concentration of Pb2+ ions (r2 = 0.0074x + 0.08). 
In this study, nanocomposites intensity dramatically 
decreased with an increasing amount of Pb2+ ions. The 
sudden change was observed at 50 nM concentration. 
Therefore, the detection limit of Pb2+ was found to be 
50 nM. After the addition of 1×104 nM concentration 
of Pb2+ ions into the N-rGO@TiO2 composite solution, 
the characteristic peak completely disappeared. It may 
due to the loss of characteristic properties of nano-
region after the strong aggregation of N-rGO@TiO2 
aerogel at this high concentration of Pb2+. The spiked 
sample analysis was showed the 100 nM concentration 
of Pb2+ in the waste-water. Overall, upon addition of 
Pb2+ ions in the N-rGO@TiO2 solution turned colorless 
that induced by aggregation of N-rGO@TiO2 aerogel, 
which was detected visually and also confirmed by UV 
spectroscopy.

Sensing of Hg2+ 

The N-rGO@TiO2 nanocomposite was tested for 
the spectroscopic determination of Hg2+. Because 

of the formation of an intense UV absorption 
band of N-rGO@TiO2 nanocomposite, it is much 
straightforward to monitor changes in the UV 
absorption band during the determination of Hg2+ 

(Fig. 8). A significant decrease in the absorption peak 
with a red-shift on the UV band of the N-rGO@
TiO2 nanocomposite was observed upon increasing 
the concentration of Hg2+ ions. Thus, the Hg2+ with 
a concentration of 15 μM was taken as a limit of 
detection for N-rGO@TiO2 nanocomposite (r2 = 0.022x 
+ 0.09). After the addition of 1000 μM concentration 
of Hg2+ into the nanocomposite, the UV absorption 
peak was completely disappeared. The spiked sample 
analysis confirmed the presence of 75 μM Hg2+ ions in 
the wastewater. The red-shift and significant decrease 
in the absorption peak intensity were caused due to 
the redox interaction between the Hg2+ ions and the 
N-rGO@TiO2 nanocomposite. The red-shift in the UV 
absorption band can be attributed to the adsorption of 
Hg2+ onto the N-rGO@TiO2 nanocomposite surface 
and thereby formed a combination. Finally, the 
addition of Hg2+, N-rGO@TiO2 nanocomposite was 
turned colorless.

Sensing of Cr (VI)
The detection of Cr (VI) ion by the N-rGO@

TiO2 nanocomposite was performed by the UV 
spectroscopically. Figure 9 shows the UV absorption 
spectra of N-rGO@TiO2 nanocomposite get increased 
with a decreased the concentration of Cr (VI) ions. It 
means the intensity of the UV absorption peak of the 
N-rGO@TiO2 nanocomposite is inversely proportional 
to the concentration of Cr (VI). Finally, the peak that 
disappeared was at the highest concentration of Cr 

Fig. 7  Spectroscopic sensing of Pb2+ by N-rGO@TiO2 
nanocomposite: (a) 0 nM, (b) 50 nM, (c) spiked sample (100 
nM), (d) 250 nM, (e) 500 nM, (f) 1000 nM, (g) 2500 nM, (h) 
5×103 nM, and (i) 75×102 nM of PbCl2 with N-rGO@TiO2 
nanocomposite.
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Fig. 8 UV absorption spectral changes observed for N-rGO@
TiO2 nanocomposite upon the addition of Hg2+ions: (a) 0 μM, (b) 
15 μM, (c) 50 μM, (d) 75 μM, (e) 100 μM, (f) 250 μM, and (g) 
500 μM of Hg2+ions with N-rGO@TiO2 nanocomposite.
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(VI) ions. The change in the UV spectra of N-rGO@
TiO2 nanocomposite occurs at 25 nM concentration of 
Cr (VI) ions. It exhibited a prominent peak at 283 nm 
(r2 = 0.0014x + 0.05). The intensity of this peak was 
significantly decreased with increasing concentration 
of Cr (VI). The sudden changes of the peak at 25 nM 
concentration of Cr (VI) were considered as a limit of 
detection. After the addition of 1×104 nM concentration 
of Cr (VI) ions into the N-rGO@TiO2 nanocomposite 
solution, the characteristic UV absorption peak 
was completely disappeared. The spiked sample 
analysis showed the 50 nM concentration of Cr (VI) 
was present in the wastewater. Overall, due to the 
strong adsorption of Cr (VI) on the N-rGO@TiO2 
nanocomposite, it provides excellent sensing ability. 
Finally, the addition of Cr (VI) ion in the solution of 
N-rGO@TiO2 nanocomposite was turned colorless, 
which can be determined visually and can be confirmed 
by UV spectroscopy.

As per  the l i terature,  the addit ion of  TiO2 
nanoparticles in graphene-based materials enhances 
the catalytic activity of nanoparticles. It may due to the 
high surface area and electron mobility of graphene. 
Moreover, it showed a high affinity towards the 
interest analyte. In addition, it provides a higher charge 
separation as well as higher charge transport potential. 
The main sensing mechanism of this nanocomposite 
is still unknown, but several possible mechanisms 
have been reported by previously published literature. 
In brief, the addition of rGO helps to the adsorption 
of heavy metals on the surface of nanocomposites 
via strong electrostatic interaction plus π-π stacking. 
Concisely, the graphene-based nanocomposite 

containing π domains is the major part of the driving 
force to the sensing of heavy metal ions. Furthermore, 
the synthesized nanocomposites were in 3D form. 
Owing to the 3D structure, it offers a high surface 
area and a more porous nature as compared to the 2D 
materials. It may provide the higher binding sites for 
sensing of heavy metals [63]. Notable, the N contains 
the same atomic radius as graphene containing carbon. 
Due to the same atomic radius of ‘N’, it can be easily 
doped into carbon grid nanocomposites. Accordingly, 
the efficient doping of ‘N’ into nanocomposites also 
helps to improve the sensing ability and that resulted 
in the lowest detection limit for heavy metal ions. 
Also, it improves the stability and magnetic properties 
of graphene nanocomposites [64]. In addition to that, 
the N doped graphene nanocomposites provide a 
higher surface area and subsequently provide more 
site for adsorption of heavy metal ions on the surface 
of nanocomposites. The combination of TiO2 and 
graphene followed by ‘N’ doping resulted in high 
electron mobility of the catalyst plus a larger specific 
surface area. This also helps to absorb and degrade 
the analyte [59]. Overall, the synthesized 3D, porous 
N-rGO@TiO2 nanocomposites demonstrate good 
sensing ability and excellent performance, which are 
much essential in the protection of the ecosystem.

Conclusions

In summary, the green synthesis of N-rGO@TiO2 
nanocomposite is a single-step, facile, economical and 
less time-consuming method. The Gossypium hirsutum 
seeds are a good source of ‘N’ containing amino 
acid and proteins, which provide the N doping. They 
also reduce the Go and stabilize the nanocomposites. 
Concisely, the reported method simultaneously resulted 
in the eco-friendly synthesis of the N-rGO@TiO2 
nanocomposite. This nanocomposite accomplished 
an exceptional probe for the detection of Pb2+, Hg2+, 
and Cr (VI) with 50 nM, 15 µM and 25 nM lower 
detection limits, respectively. In addition, the analysis 
of heavy metals (Pb2+, Hg2+, Cr (VI)) in spiked samples 
using synthesized N-rGO@TiO2 nanocomposites 
provided an excellent result. Besides, the application 
of a simple spectroscopic method with eco-friendly 
nanocomposites can provide an alternative cost-
effective tool to conventional and expensive methods 
for heavy metal detection in water. Overall, the findings 
of these investigations confirmed that the N-rGO@
TiO2 nanocomposite exhibited better Pb2+, Hg2+ and Cr 

Fig. 9  Spectroscopic sensing of Cr (VI) using N-rGO@TiO2 
nanocomposites: (a) 0 nM, (b) 25 nM, (c) spiked sample (50 
nM), (d) 100 nM, (e) 250 nM, (f) 500 nM, (g) 2500 nM, (h) 
5×103 nM, and (i) 75×102 nM of K2Cr2O7 solution with N-rGO@
TiO2 nanocomposite.
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(VI) sensing ability in water through the spectroscopic 
method. In the future, these nanocomposites could 
provide better environmental remediation.
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The burden of obesity is increasing all over the world. Except for Orlistat, no effective anti-obesity drug is cur-
rently available. Therefore, a search for the new anti-obesity compound is need of time. This study demonstrates
macromolecular interaction and inhibitory effect of pentacyclic triterpenoids (PTT) on pancreatic lipase (PL). In
the present study PTTs from endophytic Colletotrichum gigasporumwere found to show significant inhibitory ac-
tivity against PL with IC50 of 16.62 ± 1.43 μg/mL. The PTT isolated through bioassay-guided isolation showed a
dose-dependent (R2 = 0.915) inhibition against porcine PL and the results were comparable with the standard
(Orlistat). Based on inhibition kinetic data, the gradual increase in Km (app) with increasing PTT concentration in-
dicated that themode of interaction of PTTwith PLwas a competitive type, and it directly competedwith the sub-
strate (pNPB) for the active site of PL. In vivo studies in Wistar rats at the oral dose (100 mg/kg body weight) of
PTT significantly decreased (p< 0.05) incremental plasma triglyceride levels as compared to group B and TG ab-
sorption was down-regulated up to 49.18% vis a vis group D animals. The isolated PTT was identified as lupeol
based on chromatographic and spectral data. The endophytic isolate was identified as Colletotrichum gigasporum
based onmorphology and ITS gene sequencing. The present study indicated that PTT had the potential to be used
as a natural PL inhibitor in the treatment of obesity and the isolated endophyte can be a valuable bioresource
for it.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Obesity has been a major health concern worldwide in recent de-
cades. Excessive energy intake, physical inactivity, and low energy ex-
penditure are important contributors leading to the accumulation of
fat in the body. Diverse gastrointestinal lipases including pancreatic li-
pase (PL) play important role in lipid digestion. Among all, PL is the
most important lipolytic enzyme in humans that carry out the hydroly-
sis and absorption of over 70% of total dietary fats [1]. Because of its key
role in lipid metabolism, PL has been the key target for synthetic anti-
obesity drugs including Orlistat. Several studies have been conducted
in the search of potent PL inhibitors of synthetic and natural origin com-
pounds in the past few decades [2].

However, prolonged application of synthetic drugs has various side
effects such as liver toxicity, oily stools, fecal urgency,flatulence, and ab-
dominal distention [3]. Therefore, there is a need to explore natural
products for new, effective, and safe anti-obesity compounds.

Natural products from ethnomedicinal plants and microorganisms
have provided effective therapeutic drugs and lead compounds for the

treatment of many metabolic diseases. The World Health Organization
(WHO) estimates that 80% of the people of developing countries rely
on traditional medicines, mostly plant-derived drugs for their primary
health needs. Several studies have demonstrated that natural products
of plant and microbial origin hold the promise for new PL inhibitors
with minimum adverse effects. For example, inhibitors like platycodin
D from the fresh roots of Platycodon grandiflorum has shown potent PL
Inhibitory potential in an in vivo study [4]. PL inhibitors with various
scaffolds (such as flavonoids, panclicins, triterpenoids, phenolics, β-
lactones, and triacylglycerol analogs) have been identified from micro-
bial, plants, and marine sources [5].

Medicinal plants harbor a hidden treasure of diverse microbial
communities- the endophytes in their internal tissues. Endophytes in-
clude both; fungi and bacteria but fungi beingmore ubiquitous, diverse,
versatile, and widespread microorganisms that colonize the plants
growing in various geo-climatic conditions [6]. The endophytic micro-
flora of medicinal plants is a cheap source of diverse bioactive com-
pounds with varied bioactivities [7]. Endophytes have the unique
property that they can produce the same and rare secondary metabo-
lites as their plant host. For example, the bark of Terminalia arjuna
(Combretaceae), a widely studied Indian medicinal plant known for
its antioxidant and cardioprotective role, was found to be rich in many
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Abstract
Bioconversion of three different agro-residues (groundnut shells, pigeon pea husk and wheat straw) was studied using 
endophytic fungi with a view to increasing the nutritive value and to evaluate its feasibility as poultry feed. An endo-
phytic fungal isolate obtained from Celastrus paniculatus, effectively biotransformed selected agro-residues in solid 
state fermentation. After 21 days incubation, isolate CPL-1significantly altered the nutritional values of all tested agro-
residues. Cellulose, hemicellulose, and lignin content were significantly reduced (P < 0.05) whereas, total carbohydrates 
were significantly increased in the biotransformed waste as compared to untreated residues. Of the three agro-residues 
studied, the groundnut shells were found to have maximum carbohydrate content (13.92 ± 0.7 g/100 g) after the treat-
ment. Similarly, the total crude protein and total nitrogen contents of the treated waste were also significantly improved 
(P < 0.05) as a function of treatment with the isolate CPL-1 with their highest contents (24.95 ± 1.4 and 15.53 ± 1.2 g/100 
g, respectively) recorded in the treated groundnut shells. The isolate CPL-1 was identified as Colletotrichum spp. based 
on the morphology. The tannins and phytate contents were found to be significantly lower (P < 0.05) in the processed 
wastes. Application of treated agro-residues in poultry diets revealed that the biotransformed groundnut shells and 
pigeon pea waste can be added up to 20 and 10%, respectively to the commercial poultry diet used in the study without 
any adverse effects. The results showed that the treated residues of groundnut shells can be used as a partial substitute 
to the conventional poultry diets as they are rich in enzyme phytase and other nutrients and have good digestibility.

Keywords  Bioconversion · Agro-residues · Endophytic fungi · Crude protein · Poultry diet

1  Introduction

Feed is the most important factor in the poultry business 
which constitutes around 70% of the total production 
cost [1]. A number of ingredients are used to formulate 
the poultry diet. It mainly uses maize and soybean meal as 
the carbon and protein source, respectively. Several coun-
tries use other grains such as wheat, sorghum, canola and 
sunflower meal as well as animal-derived protein ingre-
dients like fish and meat meal [2]. Mineral supplements 
play a vital role in the development of poultry. Poultry, 
being the monogastric animal, cannot fully assimilate the 

inorganic supplements which are provided in the form of 
calcium and phosphorus supplements that includes dical-
cium phosphate, rock phosphate and bone meal [3]. The 
increasing cost and decreasing feed production are the 
major hurdles in the progress of poultry industry in the 
developing countries. Moreover, diversion of food grains 
such as maize and sorghum from feed market to ethanol 
production has dramatically increased their cost globally 
[4, 5]. Therefore, there is the urgent need to use alterna-
tive feedstuffs and look into the possibilities of biocon-
version of agro-residues into feed in a sustainable way. 
Globally, 140 billion metric tons of lignocellulose biomass 
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Abstract
The present work is a report on phytosynthesis of silver nanoparticles (AgNPs) carried out using an aqueous extract of 
the tuber of Eulophia herbacea Lindl. (Orchidaceae) and evaluation of its antimicrobial and catalytic potential. The extract 
efficiently reduced aqueous silver ions and generated stable and bioactive nanoparticles. The maximum reduction of 
AgNO3 was achieved when 1 mM AgNO3 was incubated with 2% w/v extract for 5 h. The biosynthesized AgNPs exhibited 
surface plasma resonance at 447 nm. The zeta potential was − 15 mV. Scanning electron microscopy study showed that 
the average particle size of the AgNPs was 11.70 ± 2.43 nm and that they were non-agglomerated. An Energy Dispersive 
X-ray study provided support for the presence of elemental silver. X-ray diffraction studies confirmed that the AgNPs were 
crystalline and had a face-centered cubic geometry. The AgNPs showed excellent antibacterial and antifungal activity 
against common human pathogens. This activity was comparable with that of standard antibiotics. The catalytic potential 
of the AgNPs was studied through the reduction of methylene blue and congo red. The results showed that the AgNPs 
synthesized using the present method are biologically and catalytically active.

Keywords  Eulophia herbacea · Silver nanoparticles · Antimicrobial activity · Antifungal activity · Synergistic effect · Dye 
reduction

1  Introduction

There is growing interest in greener synthesis of metal 
nanoparticles. Plant extracts have been used for nano-
particles synthesis as the process involved is simple, 
eco-friendly and cost-effective. Moreover, this process is 
reproducible and easily scaled up [1]. In comparison with 
microbial synthesis, phytosynthesis is rapid. It does not 
require aseptic conditions, and it yields stable nanopar-
ticles [2, 3].

Indian traditional systems of medicine recommend the 
use of medicinal and aromatic plants for curing various 
human illnesses. Plant extracts containing phytoconstitu-
ents are biologically and pharmacologically active. Plant 
metabolites are known to be excellent reducing and 

capping agents that can be used to synthesize nanoparti-
cles effectively within a short time [4–6].

The tubers of Curcuma longa [4, 7], sweet potato [8], 
Dioscorea bulbifera, Dioscorea batatas, Dioscorea oppositi-
folia, etc. are rich with different reducing and capping 
agents that generate stable metal nanoparticles [9–11].

Silver is known for its antimicrobial and medicinal prop-
erties [12, 13]. However, the antimicrobial effect of silver 
ions and its salts is limited and of short duration. These 
limitations can be overcome by using silver nanoforms, 
which are inert, stable and act as antimicrobial agents 
effectively [9, 14, 15].

Numerous mechanisms are involved in the microbicidal 
effect of silver nanoparticles (AgNPs) [16]: (a) AgNPs produce 
structural changes in the cell membrane by deposition on it 
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The ternary thin films of composite HgxCr2-xS4 (x = 0.6) have been 

deposited by simple chemical bath deposition (CBD) technique on 

glass substrate. The thin films have been deposited at optimized 

conditions pH at 10 ± 0.1, bath temperature 65
0
C, deposition time 120 

minutes. The films were uniform and adherent to glass substrates. They 

were characterized by structural, optical, and electrical measurement 

techniques. According to their X-ray diffraction patterns HgxCr2-xS4(x = 

0.6) films are crystalline with band gap of 2.4 eV. Scanning electron 

micrographs showed that the substrates were well covered with films; 

no cracks or pinholes were observed. The electrical resistivity of the 

films is found to be 1.3703 x 10
3
 Ω-cm to 2.1243 x 10

3
 Ω-cm at 

temperature range 303
0
k to 423

0
K. According to thermoelectric power 

measurements HgxCr2-xS4(x = 0.6) thin films are of n-type nature. 

 
Copy Right, IJAR, 2021,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The nanocrystalline HgxCr2-xS4(x = 0.6) (HGS) thin films, have been of interest due their semiconducting nature and 

considerable application in the field of electronics and electro-optical devices [1,2] magneto-optical devices and in 

magnetocapacitive as well as magnetoelectric devices [3-11]. Based on this concept, intensive research has been 

performed in the past to study the synthesis and characterization of these thin films. The characteristics of these 

films provides an overview of several capabilities based on photon, electron, and ion methods that can be effectively 

used to understand the structural, chemical, and electronic characteristics of a wide range of materials. The type or 

types of information required determines the characterization methods needed to investigate thin film. XRD is an 

excellent technique for studying thin films with a crystalline structure, such as those composed of inorganic/solid-

state materials. XRD is a technique used to determine the crystalline structure and atomic spacing of a thin film, and 

the produced spectral pattern is compared against known references. XRD fires collimated X-rays at a crystalline 

sample, and the light becomes diffracted according to Braggs law by the crystal planes within the thin film. The X-

rays are produced by a cathode source and are monochromated. Upon hitting the planes of the thin film, constructive 

interference is created, causing the sample to be scanned through an angle of 2θ and allowing all of the dimensions 

of the film to be observed is a tool used to characterize the morphology and composition of thin films. Electrons are 

fired from an electron gun and pass through the thin film. The energies of the electrons are concentrated and focused 

on using a series of lenses. The electron beam then passes through a pair of scanning coils and deflector plates in the 

final lens. After the electrons are focused, they are then directed towards the thin film. When the electrons interact 

with the sample, their energy diminishes due to scattering and absorption. The exchange of energy between the 
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electrons and the sample causes high energy electrons to reflect through elastic scattering. Secondary electrons are 

also released by inelastic scattering and the emission of electromagnetic radiation, both of which are detected. The 

image is a distribution of the signal intensity, which is digitally captured and allows for the structure of the thin film 

to be determined. The doping of nanocrystalline semiconductors with trivalent magnetic material Cr
3+

 results in new 

optical, electrical and structural properties. Mercury chromium sulfide is a metal chalcogenide semiconductor of the 

group II-VI semiconductors having an insulating and high density with excellent structure [12-13]. The chromium 

(III) is quite stable against oxidation in sulfides, removing mercury from the material remains a significant challenge 

[14]. The formation of solid phase from a solution involves two steps as nucleation and particle growth. The size of 

particles of a solid phase is independent upon the relative rates at which these two competing processes take place. 

For any precipitate, there is some minimum number of the ions or molecules required to produce a stable phase in 

contact with a solution, called as nucleus. The formation of nucleation is necessary for a precipitate formation. The 

concept of nucleation in solution is that the clusters of molecules formed undergo rapid decomposition and particles 

combine to grow up to a certain thickness of the film. Depending upon deposition conditions such as bath 

temperature, stirring rate, pH, solution concentration etc. the film growth can take place by ion-by-ion condensation 

of materials or by adsorption of colloidal particles from the solution on the substrate. CBD is one of the convenient 

processes in which compound ternary semiconductor thin films of typically 0.02
–1

 μm thickness are deposited on the 

substrate immersed in dilute baths containing metal ions and in a source of sulfides or selenide ions. In the process, 

metal ions in the solution reacted with slowly released sulfide ions to form a solid film on the substrate. This 

technique is suitable for coating surfaces of any morphology and geometry. The HGS films are of particular interest 

for the fabrication of large area photodiode arrays, solar selective coatings, solar cells, photoconductors, sensors etc. 

Mercury sulphides is a direct band gap (~ 2.45eV) semiconducting material for applications as IR detection [15-17], 

ultrasonic transducers, image sensors, electronic imaging materials and photoelectric conversion devices [18]. The 

thin films of HgS can also be used in storage cell with CdSe, solid state solar cells, photoelectrochemical cells and 

photodetectors [19-20]. Deposition of these films by vacuum evaporation, sputtering and chemical methods such as 

chemical vapour deposition, spray pyrolysis, electrodeposition, anodization, electro conversion, electroless, dip 

growth, successive ionic adsorption and reaction, chemical bath deposition and solution-gas interface techniques are 

well known [21-27].Using this deposition methods, a large number of binaries such as CdS, CdSe, Bi2S3, Bi2Se3, 

PbS, PbSe, As2S3, Sb2S3, Ag2S, CuS, ZnS etc. and ternaries such as CdZnS, CdSSe, CuInS2, CuInSe2, PbHgS, 

CdPbSe etc. have been deposited as thin films. The so prepared thin films are pin hole free and uniform deposits are 

easily obtained since the basic building blocks are ions instead of atoms. 

 

The aim of our work is to investigate the growth procedure with respect to the feasibility of HGS crystalline thin 

films from alkaline medium at mild reaction conditions. A di-sodium salt of ethylene-diamine tetra- acetic acid 

(EDTA) was used as a complexing agent to form homogeneous HGS thin films. Highly reflecting, uniform and 

adherent HGS thin films with faint black colour were obtained. The structural, optical and surface morphological 

properties of the HGS films were investigated. [28-30]. [32-34]. 

 

Experimental Method 

Commercial glass substrates were degreased in sulfuric acid (H2SO4) for 30 min and then immersed in isopropanol 

ultrasonically for 20 min. Finally, they have cleaned again ultrasonically with distilled water for 10 min and dried in 

air. The composite HGS thin films were deposited on this glass substrate using chemical bath deposition (CBD) 

technique in an alkaline medium. The AR grade HgCl2, CrO3 and NH2-CS-NH2 are the initial precursors are used. In 

the procedure; 10mL (0.1M) solution of HgCl2 was taken in a 100mL beaker and 20mL (0.1 M) chromic oxide 

(Cr2O3) was mixed in it. For a fabrication of the complex, 10mL (0.1 M) Na2EDTA (ethylene-diamine-tetra-acetic 

acid) was added into the mixture of HgCl2 and Cr2O3. By adding drop-wise ammonium hydroxide solution (7%) the 

pH of resultant solution was adjusted to 10. At the last 30mL (0.1M) solution of thiourea was added into the above-

mentioned mixture. The slow-release metal and chalcogenide ions in the solution condense onto the substrates 

resulting in thin film formation. The glass beaker containing resultant solution was kept in an oil bath at 65ºC for 

two hours. Finally, deposited samples were taken out of the solution, cleaned with distilled water and dried in air. 

The prepared thin films were preserved in an air-tight container for further characterization. The so deposited 

composite HGS films exhibits black yellowish colour. After deposition time, the glass substrates with composite 

HGS films were removed from the bath and washed with doubly distilled water, dried in air and preserved in an 

airtight plastic container for further characterization. To obtain good quality films, the amount of complexing agent, 

the deposition time, temperature, concentration of reactants and pH of the solution were optimized. 
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Characterization techniques 

The thickness of the HGS films was determined by weight difference method using a sensitive microbalance. 

Structural analysis of the films was carried out using Rigaku (D. Max. C X-ray diffractometer and Ni filter). UV-

Visible absorption analysis was done using UV-Vis-NIR spectrophotometer (Jasco-V 570). SEM measurements 

were carried out with a 250 MK
-3

 Cambridge sterioscan, operated at 15 kV. The optical absorption studies were 

carried out using Systronic spectrophotometer in the wavelength range 350– 850 nm. To study the electrical 

characteristics of the films, resistivity measurements were carried out using dc Four-probe method in the 

temperature range 300–500 K. The type of electrical conductivity was determined from thermoemf measurements. 

 

Resalts and Discussion: - 
Reaction Mechanism  

The chemical bath process mechanism performed by slow release of S
2- 

and controlled free ions of Hg
2+

 and Cr
3+

 

react with each other to get HGS nuclei product on glass substrate in the form of precipitated material. EDTA is an 

amino-derived organic-compound known to be a strong hexdentate chelanting agent [35]. It affects the adsortion and 

desortion processes [36] also forms a complex with metal ions and dissociates reversibly at a low rate. The chemical 

reaction for the formation of composite HgxCr2-xS4 (x = 0.6) by CBD is given by - 

In an aqueous solution, Na2EDTA finally dissociates as- 

                                             Na2EDTA → 2 Na
+
   + EDTA

4-
                                                                               (1) 

By dropwise addition of Na2EDTA to the solution of Hg
+2 

and Cr
+3

 to form a complex as 

                                             Hg
+2

  + EDTA
4-

   →  [ Hg-EDTA]
2- 

  (2) 

                                              2Cr
+3 

 + 2EDTA   →  2[Cr-EDTA]
- 
(3) 

By reaction of thiourea in an alkaline medium releases water and sulphide ions as 

                          (NH2)2 CS + NH4
+ 

 + OH
-
 → CH2N2 + H2O + HS

- 
 (4) 

On hydrolysis of ammonia [30],  NH3 + H2O → NH
+

4 + OH
-
  ,        (5) 

                                                     Khyd = 1.8 x 10
-5

 

                                                   HS
-
 + OH

-
   → H2O  + S

2-
 (6) 

On reaction of Hg-EDTA complex or Cr-EDTA complex followed by sulphides (S
2- 

) ions to forms HGS   

[Hg(Na2EDTA)]
2+

 + [2Cr(Na2EDTA)]
3+

 + 4S
2-

 → HgCr2S4 + 3Na2EDTA                   (7) 

                          [The solubility product Ksp = 2 x 10
-55

]  

The reaction (2), (3) and (6) releases the Hg
2+

, Cr
3+

 and S
2-

 ions and they condense ion-by-ion on the surface of 

substrate to form HGS thin films. 

 

Characterization using XRD  

The X-ray diffractogram for the as-grown HgxCr2-xS4 (x = 0.6) thin film samples were obtained in the 2𝜃 range from 

20
0
 to 80

0
. The X-ray diffraction (XRD) pattern of the films shows crystalline nature with planes having cubic 

orientations with growth along (2 2 0) plane (JCPDS Card no. 03-065-7116). The use of complexing agents is very 

common in the preparation of thin films through CBD process. It is very clear that the quality of thin films depends 

on the nature of the complexing agent. In the XRD pattern (Fig.1.) very few peaks (three) could be detected;for the 

HGS thin films deposited in the presence of ammonia and ethylenediaminetetraacetic acid (EDTA) as the 

complexing agent [36].The deposition time also affects the detection of peaks. The XRD data is given in table-1. 

The grain size in the film is estimated using Debye-Scherrer’s formula.    

                                                           D = 
0.94𝜆

𝛽𝑐𝑜𝑠𝜃
 

Where 𝛽 is full width at half maximum (FWHM) in radians, λ is wavelength of the X-ray and 𝜃 is the Bragg’s 

angle. The HGS films crystallizes in the normal cubic spinel structure with the space group mF-d3 (No. 227). The 

value of lattice constant found to be a = b = c =10.23800Å. The average grain size for x = 0.6 is found to be 173 nm. 

 

Table- I: Comparison of observed d values with standard d values of HGS thin films. 

 

 

Planes 

(h k l) 

               2 Theta (degree)    d-spacing values d (
0
A) 

Standard  Observed  Standard  Observed 

2 2 0 24.570 24.560 3.6200 3.6260 

4 2 2 43.251 43.160 2.0900 2.0898 

5 3 1 52.843 52.840 1.7310 1.7305 
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Fig. 1:- XRD pattern for HgxCr2-xS4 (x = 0.6) thin film. 

 

Characterization using SEM 

 
Fig. 2:- SEM image for HgxCr2-xS4 (x = 0.6). 

 

The effect of Cr
3+

 ion in thin film HgxCr2-xS4 (x = 0.6) can be studied by SEM. The SEM micrograph of deposited 

samples is shown in figure 2. The SEM image showed that surface is not smooth and grains are appeared spherical 

shaped.  The grown HgxCr2-xS4 (x = 0.6) appears to be porous fibrous group of regularly arranged matrix over which 

regular fine particles spread with some voids. The grain size of material of films using Cottrell method [37] was 

found to be in the range 160-170 nm. The surface roughness increased with addition of Cr
3+

 ion.  

 

Characterization using UV-Vis spectrophotometer 

Figure 3 depicts the optical absorption spectra of the HgxCr2-xS4 (x = 0.6) thin film. At the low optical energy; 

absorption is minimum and increases with increase in energy. Figure shows the variation of absorbance (αt) with 

incident photon wavelength. The figure shows that absorption decreases with increasing wavelength also red shift of 

optical absorption edge. The data were analysed from the following classical relation for near edge optical 

absorption in semiconductors [38]: 

𝛼 =  
A(hγ−Eg )n

hγ
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Where A is a constant and n = 2 for indirect band gap and n = 
1

2
 for direct band gap. The plots of (αhν)

2
versus hν of 

the HGS films shown in Fig. 4. Since the plots of (αhν)
2
 versus hν are almost linear, the direct nature of the optical 

transition in HGS film is confirmed. Extrapolation of these curves to zero absorption coefficient gave the optical 

energy gap as 2.4 eV which is in good agreement with the values reported by other researchers [39-40]. The 

decrease in band gap energy value with increase of thickness is commonly observed phenomenon in semiconducting 

thin films.   

 
Fig.3:- The variation of absorbance (αt) with incident photon wavelength λ.Fig.4. (Inset figure) Plots of (αhν)

2
 hν 

thin films deposited on glass substrate. 

 

Electrical properties 

Electrical resistivity   

The two-point dc probe method of dark electrical resistivity measurement was used to study the variation of 

electrical resistivity with temperature. The variation of log ρ with reciprocal temperature (K
-1

) is depicted in Fig. 5. 

It is observed that the resistivity of film was decreased with increase in temperature, indicating a semiconducting 

electrical behaviour. The electrical resistivity depends on the structure of the films and working temperature. An 

increase in temperature affects the structure of films due to increase of grain size and removal of defects on the 

surface of films.  The electrical resistivity of HgxCr2-xS4 (x = 0.6) was measured in the temperature range 303
0
k to 

423
0
K and was observed to be 1.3703 x 10

3
 Ω-cm to 2.1243 x 10

3
 Ω-cm [40]. The plot of Log  𝜌  Vs ‘1000/T’ is 

almost straight line, indicating that conduction in the film is through thermally activated process. The activation 

energies were calculated using the relation:                                    𝜌 = 𝜌0 𝑒
𝐸𝑎
𝐾𝑇    (10) 

 

where ρ is the resistivity at temperature T, ρ0 a constant, K the Boltzmann constant, T the absolute temperature and 

Ea the activation energy. The activation energy represents the location of trap levels below the conduction band. The 

slope of the straight line gives information about activation energy and is observed to be 0.254eV for low 

temperature regime and 0.542 eV for high temperature regime. 

 
Fig. 4:- Variation of dark electrical resistivity (log ρ) with reciprocal temperature (1000/T) of HgxCr2-xS4 (x = 0.6) 

thin film deposited on glass substrate. 
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Thermoemf measurement 

In the thermoemf measurement the temperature difference causes the transport of carriers from the hot end to the 

cold end and thus creates an electric field, which gives the thermal voltage. This thermally generated voltage is 

directly proportional to the temperature difference created across the semiconductor. The polarity of the induced emf 

for HgxCr2-xS4 (x = 0.6) film indicates an n-type electrical conductivity. 

 

Conclusions:- 
A chemical bath deposition method was used in the deposition of HgxCr2-xS4 (x = 0.6) films. The X-ray diffraction 

studies showed that the compositions of the deposited films correspond to HgxCr2-xS4 (x = 0.6). X-ray diffraction 

study reveals crystalline nature with cubic structure of the film. From electrical resistivity data, it is clear that the 

films were semiconducting in nature. The HgxCr2-xS4 (x = 0.6) films exhibited direct band gap transition with band 

gap energy of 2.4 eV. The n-type conductivity of these materials was confirmed from TEP measurements. 

 

The study of optical Properties that present composition may be used in the application of p-n junction formation, 

solar cell design and photovoltaic applications. An increase in electrical resistivity with increasing temperature is 

attributed to the removal of defects on the surface of films. 
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