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Developing suitable substrate materials is of significance in constructing electrochemical 

biosensors for fast and reliable quantification of chemical and biomedical interest. For practical 

applications, biosensor working at less negative potentials has the advantage of high selectivity 

and sensitivity. In this work, CeO2-x/C/rGO nanocomposites have been synthesized through the 

pyrolysis of metal organic frameworks with graphene oxide. The CeO2-x/C/rGO nanocomposites 

exhibit excellent catalytic properties towards H2O2, which is one of uricase catalyzed 

intermediates at low working potentials due to the coexistence of Ce
3+

 and reduced graphene 

oxide (rGO). A novel biosensor based on the CeO2-x/C/rGO nanocomposites has been developed 

and utilized for the detection of uric acid, an important molecule in biological and medical field. 

The biosensor based on CeO2-x/C/rGO nanocomposites presents a high sensitivity of 284.5 μA·cm
-

2
·mM

-1
 at -0.4 V (vs. SCE), a wide linear range between 49.8 and 1050.0 μM and a low detection 

limit of 2.0 μM. Moreover, it is found that the amperometric responses are free from interference 

of ascorbic acid and urea, which shows the great potential for practical applications. 

Introduction 

Electrochemical biosensors have played a significant 

role in clinic diagnosis, food quality analysis and 

environmental pollution monitoring in the past decade.
1-4

 In 

terms of analytes in human fluids, numerous electrochemical 

biosensors have been developed and employed for detecting 

the concentrations of glucose
5-7

, cholesterol
8,9

 and uric 

acid
10,11

, which can monitor the health status of human 

beings. According to most of the literatures on glucose, 

cholesterol and uric acid biosensors, the sensing mechanism 

is generally ascribed to the detection of enzymatically 

catalyzed intermediates, H2O2, reflecting the concentration 

of analytes indirectly
6,12-15

. Undoubtedly, substrate materials 

used for the construction of electrochemical biosensors are 

crucial to change the work conditions and improve the 

performance of as-prepared biosensors, such as working 

potential, sensitivity, selectivity, linear range etc. And various 

nanomaterials with large specific surface area and benign 

biocompatibility have been regarded as superior substrates 

for producing electrochemical biosensors. Noble metal 

nanomaterials, such as Pt
16

, Au
17

 and Ag
8
 are extensively 

employed as substrate to fabricate electrochemical 

biosensors. However, high cost and scarcity of noble metal 

nanomaterials impede their applications in the construction 

of electrochemical biosensors. In addition, electrochemical 

biosensors based on noble metal nanomaterials usually work 

at high potentials, not only enzymatically catalyzed 

intermediates (H2O2), but interferences coexisting with 

analytes are easily oxidized by noble metal nanomaterials, 

leading to poor selectivity of electrochemical biosensors. 

Therefore, developing cost effective substrate materials for 

the electrochemical biosensors that can work at less negative 

potentials is still a challenge and urgent to be resolved.  

Varieties of metal oxide nanomaterials with low cost 

and abundance have been utilized to fabricate 

electrochemical biosensor replacing noble metal 

nanomaterials, such as ZnO
18

, Fe2O3
19

, MnOx
20

, CeO2
21

.  

Among various metal oxide nanomaterials, CeO2 has 

attracted more and more attention due to its facile oxygen 

vacancy formation property, excellent biocompatibility, and 

natural abundance
22-24

. Furthermore, the high isoelectric 

point of CeO2 (IEP ~9.2) at pH 7.0 makes the surface of CeO2 

positively charged 
25

, which is beneficial to bind negatively 
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charged enzymes with low IEP, such as glucose oxidase 

(~4.8)
26

, cholesterol oxidase(~4.7)
27

, uricase (~4.6)
28

.  

Ansari et al. 
25

 synthesized nanoporous CeO2 film by sol-

gel method and used it as the substrate to fabricate 

cholesterol biosensors, which exhibited high sensitivity and 

wide linear range at working potential of 0.4 V. 

Subsequently, Patil and his colleagues 
21

 employed CeO2 

nanorods as the substrate to construct glucose biosensor 

and it also showed wide linear range between 2 and 26 M 

with the working potential of 0.8 V. The sensing mechanism 

of both aforementioned cholesterol and glucose biosensors 

based on CeO2 was oxidation of H2O2 by Ce
4+

 in CeO2 at high 

potentials. However, interferences coexisting with analytes 

were still prone to be oxidized by Ce
4+

 and resulted in 

inauthentic signals in the process of measurements. In order 

to improve the selectivity of as-prepared biosensors, an 

effective approach is to decrease the working potentials. 

One of the most important features of CeO2 is the redox 

properties between Ce
3+

 and Ce
4+

 due to the formation of 

oxygen vacancies. High concentration of Ce
3+

 in CeO2 can 

trigger the reduction of H2O2 at less negative working 

potentials, thereby avoiding the oxidation of interferences 

and improving the selectivity of electrochemical biosensors. 

Therefore, rational design and synthesis of CeO2 with 

extensive oxygen vacancies (denoted as CeO2-x) is crucial in 

constructing electrochemical biosensors. 

On the other hand, graphene, a typical 2D carbon 

material has been extensively developed as sensing 

substrate for electrochemical biosensors at less negative 

potentials owing to its large specific surface area, excellent 

electrical conductivity and low cost
29

. Therefore, many 

efforts have been exerted into the incorporation of graphene 

into metal oxide nanomaterials to construct electrochemical 

biosensors for enhancing the electron transfer capability and 

improving the catalytic properties of substrate materials 

and
30, 31

. As a matter of fact, graphene without functional 

groups is not soluble in environmental benign solvents, 

thereby, it has become popular to synthesize nanocomposite 

in graphene oxide (GO) solutions as precursors, and reduced 

graphene oxide (rGO) can be finally obtained by chemical 

reduction or heat treatment at high temperatures
32

. To date, 

the combination of CeO2 and graphene (or rGO) employed in 

the construction of electrochemical biosensors has been 

more and more popular. Jiang et al. 
33

 synthesized 

CeO2/graphene nanocomposites via one-pot hydrothermal 

method and they were utilized as substrate to detect uric 

acid by its oxidation at high working potential. They also 

found that oxygen vacancy in CeO2 could decrease the 

oxidation potential (from 0.482 V to 0.348 V) effectively. 

Subsequently, Radhakrishnan et al. 
34

 employed CeO2/rGO 

nanocomposites as substrate to immobilized horseradish 

peroxidise and achieved the detection of trace H2O2 at 

negative potentials, improving the anti-interference ability of 

H2O2 biosensors.  

However, there have been no reported work on the 

combination of CeO2 and graphene(or rGO) and used for uric 

acid biosensors working at negative potentials. In this study, 

we synthesize Ce(1,3,5-BTC)(H2O)6 (abbreviated as Ce-MOF) 

in GO solutions and Ce-MOF/GO nanocomposites are formed 

at room temperature. Catalytic performances of as-prepared 

samples after different calcinations conditions towards 

uricase catalyzed intermediate H2O2 are investigated and the 

CeO2-x/C/rGO nanocomposites exhibit superior catalytic 

property towards H2O2 at negative working potentials. And 

the influence of calcinations temperature on the oxygen 

vacancy in CeO2 and specific surface area of CeO2-x/C/rGO 

nanocomposites is investigated. Meanwhile, catalytic 

property of CeO2-x/C/rGO nanocomposites towards H2O2 

detection is studied and optimized. Optimized CeO2-x/C/rGO 

nanocomposites are employed as a substrate to construct 

electrochemical biosensor. Owing to the synergistic effect of 

heteronanostructures, the biosensors exhibit excellent 

selectivity and sensitivity towards uric acid detection. 

Experimental section 

Chemicals and reagents 

Cerium nitrate (Ce(NO3)3), 1,3,5-Benzenetricarboxylic 

acid (1,3,5-BTC), uric acid (UA), ascorbic acid (AA), urea were 

purchased from Sinopharm Chemical Reagent Co. Ltd 

(Shanghai, China). Glutaraldehyde (GLA), bovine serum 

albumin (BSA) and uricase from Arthrobacter globifomis (EC 

1.7.3.3) were obtained from Sigma (USA). All chemicals were 

analytical grade and used without further purification. Milli-

Q water (18.25 MΩ·cm) was employed to prepare solutions 

throughout the experiments.  

Synthesis of Ce-MOF/GO nanocomposites 

Graphene oxide (GO) was synthesized firstly according 

to modified Hummer’s method reported previously.
35

 A stock 

solution of GO with concentration of 4 mg ml
-1

 was prepared 

and used in the following experiments. Prior to the synthesis 

of Ce-MOF/GO nanocomposites, GO solution after 

ultrasonication treatment for 2 h was diluted in Milli-Q water 

with different concentrations and stirred vigorously. 

Subsequently, 1,3,5-BTC ethanol solution and Ce(NO3)3 water 

solution were added to the diluted GO solution under 

vigorous stirring in sequence at room temperature and a 

great amount of brown precipitates formed immediately. 

Finally, Ce-MOF/GO nanocomposites precipitates were 

obtained by centrifugation at a speed of 4000 rpm for 5 

minutes.  As-obtained precipitates were washed with 

ethanol and Milli-Q water several times to remove residual 

reactant and dried at 100 ℃ for 12 h. Influence of GO 

concentration, 1,3,5-BTC concentration and Ce(NO3)3 

concentration and reaction time on the morphology of Ce-

MOF/GO nanocomposites were investigated, respectively. 

Synthesis of CeO2 and CeO2-x/C/rGO nanocomposites 

Dried Ce-MOF/GO nanocomposites precipitates were 

grinded into fine powders in a agate mortar. The thermal 
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gravimetric analysis (TGA) was employed to measure the 

thermal stability of Ce-MOF/GO nanocomposites powders. 

On the basis of TGA results in Fig.S1, Ce-MOF/GO 

nanocomposites powders were calcinated at 450 °C in air 

atmosphere for 2 h and 600 °C in Ar atmosphere with 

heating rate of 2 °C /min, respectively. During this process, 

yellow powders and black powders were obtained in Air and 

Ar atmosphere, respectively. In addition, Ce-MOF/GO 

nanocomposites powders were also calcinated at 450 °C in 

Ar atmosphere and the electrochemical properties of as-

prepared samples were investigated as control experiment.  

Fabrication of uric acid biosensors 

Firstly, as-synthesized powders were dispersed in Milli-

Q water with ultrasonication for 30 min and then 

aforementioned dispersed solution with different volume 

was cast onto glassy carbon electrode to optimize loading 

amount of CeO2-x/C/rGO nanocomposites towards detection 

of uricase-catalyzed intermediate, H2O2.   Subsequently, 10 μl 

of 100 U mL
-1

 uricase was dropped onto CeO2-x/C/rGO 

nanocomposites modified glassy carbon electrode with 

optimized loading amount. During this process, negatively 

charged uricase was adsorbed on the surface of positively 

charged CeO2-x. In order to avoid the leakage of uricase and 

CeO2-x/C/rGO nanocomposites, a 2 μl aliquot of solution 

containing 2.5 % (w/v) bovine serum albumin (BSA) and 2.8 

% (v/v) glutaraldehyde (GLA) was cast onto modified glassy 

carbon electrode to form a protective film. Enzyme electrode 

was stored in 0.05 M PBS (pH 7.0) when not in used. 

Materials characterization and electrochemical 

measurements 

The morphologies of Ce-MOF/GO, CeO2-x/C/rGO 

nanocomposites, CeO2 and other samples were 

characterized by field emission scanning electron microscopy 

(FESEM, SU8020, Hitachi, Japan). The microstructure and 

chemical states of as-prepared samples were investigated by 

X-ray diffractometer (XRD, D/MAX2500V, Rigaku, Japan), 

Raman spectroscopy (HR Evolution, Horiba, Jobin Yvon, 

France), X-ray photoelectron spectroscopy (XPS, 

Escalab250Xi, Thermo, USA) and TEM (JEM-2100F, JEOL, 

Japan), respectively. Thermal stability of Ce-MOF/GO 

nanocomposites was carried out in a Simultaneous Thermal 

Analyzer (STA, 449F3, Netzsch, Germany). Electrochemical 

measurements, such as cyclic voltammograms (CV), 

chronoamperometry were performed in a conventional 

three electrode system on an Autolab PGSTAT 302N 

(Metrohm, Switzerland) electrochemical workstation. 

Enzyme electrode, Pt electrode and saturated calomel 

electrode (SCE) were used as working electrode, counter 

electrode and reference electrode, respectively. Cyclic 

voltammograms of CeO2-x/C/rGO nanocomposites were 

carried out in 0.05 M PBS (pH 7.0) at scan rate of 10 mV s
-1

. 

And chronoamperometry was performed in 0.05 M PBS and 

recorded with an interval of 0.1 s. All the electrochemical 

measurements were carried out at room temperature.  

 

 
 

Fig. 1 SEM images of Ce-MOF/GO nanocomposites calcinated at 600℃ in Ar atmosphere with low (A) and high (B) magnifications. (C) and 

(D) are XRD patterns and Raman spectra of Ce-MOF/GO nanocomposites after different calcination treatment. (E) TEM image of Ce-

MOF/GO nanocomposites calcinated at 600 ℃ in Ar atmosphere, inset is the corresponding SAED pattern. (F) HRTEM image of the sample 

shown in Fig. 1(E). 
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Results and discussion 

Fig. S2 shows the XRD patterns of as-prepared samples 

with different conditions. Undoubtedly, Ce-MOF is 

synthesized in GO solution and eventually Ce-MOF/GO 

nanocomposites are formed. In order to systematically 

investigate the influences of synthetic parameters on the 

morphology of Ce-MOF/GO nanocomposites, the 

morphologies of Ce-MOF/GO nanocomposites fabricated 

under different GO concentrations, Ce(NO3)3 concentrations, 

1,3,5-BTC concentrations and reaction time are observed by 

SEM as shown in Fig. S3-S6 and they are described in detail in 

Supporting Information. Obviously, straw-sheaflike Ce-MOF 

are wrapped by graphene oxide and the size of Ce-MOF is 

uniform. Ce-MOF/GO nanocomposites after calcinations at 

600 °C in Ar atmosphere and comminution are firstly 

characterized by FESEM and the results are exhibited in Fig. 1 

(A) and (B). It is apparent that originally continuous GO 

nanosheets are destroyed and numerous nanoparticles exist 

due to the grinding effect. Fig. 1(C) curve c show the XRD 

pattern of Ce-MOF/GO  nanocomposites after calcinations at 

600 °C in Ar atmosphere, it is clearly observed that the 

diffraction peaks of samples are indexed to fluorite CeO2 

(JCPDS 34-0394) and rGO derived from Ce-MOF and GO, 

respectively, suggesting the formation of CeO2/rGO 

nanocomposites. And this is in agreement with the SEM 

results in Fig. 1(A) and (B). In addition, the co-existence of 

CeO2 and rGO is also confirmed by Raman spectrum analysis 

as shown in Fig. 1(D) curve c. One typical band near 460.6 

cm
-1

 is attributed to CeO2 F2g mode
36

, and typical D band 

(1348.1 cm
-1

) and G band (1595.5 cm
-1

) of rGO are clearly 

observed. Further investigation by TEM and HRTEM in Fig. 

1(E) and (F) reveal that polycrystalline CeO2 nanorods  

(nanoparticles) distribute randomly on the surface of rGO 

nanosheets. Furthermore, enlarged Raman spectra of Fig. 

1(D) in Fig.S7 exhibit another two bands around 600.0 cm
-1 

and 250.2 cm
-1

 of Ce-MOF/GO nanocomposites after 

calcinations at 600 °C in Ar and 450 °C in Air belong to 

longitudinal optical mode due to oxygen vacancies 
37 

in CeO2 

and second-order transverse optical mode, indicating the 

formation of non-stoichiometric CeO2 (denoted as CeO2-x). As 

is known, the oxygen vacancies in CeO2 plays significant role 

in improving their electrochemical properties and this will be 

discussed in detail later. 

In order to further get insight into the phase 

transformation process of Ce-MOF/GO nanocomposites in 

different conditions, the morphologies and phases of Ce-

MOF/GO nanocomposites after calcinations at 450 °C in Ar 

and Air atmosphere are studied and the results are 

presented in Fig. 1(C and D) and Fig. S8. Ce-MOF/GO 

nanocomposites could convert to CeO2 completely after 

calcinations at 450 °C in Air. During this process, Ce-MOF 

decomposes into CeO2 and GO is oxidized to CO2, leading to 

the formation of light yellow powders, which is in line with 

XRD pattern in Fig. 1(C) curve a and Raman spectra in Fig. 1 

(D) curve a, indicating the formation of phase pure CeO2. 

However, no obvious diffraction peaks of CeO2 are detected 

in Ce-MOF/GO nanocomposites after calcinations at 450 °C 

in Ar atmosphere, only two peaks ascribed to GO and rGO 

are observed. It is inferred that only part of GO converted to 

rGO and non-crystalline CeO2 is formed in Ce-MOF/GO 

nanocomposites after calcinations at 450 °C in Ar 

atmosphere, which is in agreement with the results in 

Fig.1(D) and the TGA results in Fig. S1. In addition, SEM, EDX 

mapping and TEM images of Ce-MOF/GO nanocomposites 

after calcinations at 450 °C in Air and Ar atmosphere are 

exhibited in Fig. S8-S10, respectively.  It is also confirmed 

that Ce-MOF/GO nanocomposites convert into phase pure 

CeO2 and non-crystalline CeO2/rGO/GO nanocomposites 

after calcinations at 450 °C in Air and Ar atmosphere. 

X-ray photoelectron spectroscopy (XPS) is further 

employed to analyze the chemical bonding states of Ce-

MOF/GO nanocomposites after calcinations at 600 °C in Ar 

and 450 °C in Air atmosphere, respectively. Fig. 2(a) 

demonstrates the XPS survey of Ce-MOF/GO 

nanocomposites after calcinations at 600 °C in Ar 

atmosphere and C, O and Ce elements are detected. Figs. 

2(b-d) present the high resolution XPS spectra of C 1s, O 1s 

and Ce 3d, respectively. As shown in Fig. 2(b), high resolution  

 

 
Fig. 2 (A) XPS survey spectra of CeO2-x/C/rGO nanocomposites, (B) C 

1s, (C) O 1s, (D) Ce 3d spectra of CeO2-x/C/rGO nanocomposites 
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C 1s spectrum can be deconvoluted to two sub-peaks. The 

main peak centered at 284.8 eV is ascribed to C-C and 

another peak at 286.5 eV is attributed to C-O. And high 

resolution O 1s spectrum is deconvoluted to three sub-peaks 

as presented in Fig. 2(C), the peaks centered at 529.8 eV, 

531.3 eV and 533.7 eV are attributed to lattice oxygen (Ce-

O), adsorbed oxygen and C-O, respectively
38, 39

. The Ce 3d 

spectra in Fig.2 (d) is deconvoluted into four pairs of the 

spin-orbital doublet peaks ( 3d5/2 and 3d3/2): 882.9 eV/901.4 

eV, 885.1 eV/903.5 eV, 889.3 eV/908.1 eV and 898.9 

eV/917.2 eV. Whereas the peaks located at 882.9 eV/901.4 

eV, 889.3 eV/908.1 eV and 898.9 eV/917.2 eV belong to Ce
4+

 

and the peaks at 885.1 eV/903.5 eV can be ascribed to Ce
3+

. 

The presence of Ce
3+

 is due to the formation of oxygen 

vacancies in fluorite CeO2 
40

. The fraction of Ce
3+

 species is 

evaluated by relative peak areas of Ce
3+

 according to 

previously reported work
38

. The calculated ratio of Ce
3+

 in 

Ce-MOF/GO nanocomposites after calcinations at 600 °C in 

Ar atmosphere is determined to be ca. 19.1%. Meanwhile, 

the ratio of Ce
3+ 

in Ce-MOF/GO nanocomposites after 

calcinations at 450 °C in Air atmosphere is estimated to be 

14.2%, which is presented in Fig. S11 and described in 

Supporting information. 

According to the TGA results in Fig. S1, weight loss of 

Ce-MOF/GO nanocomposites treated in inert atmosphere is 

far less that of in Air. It is inferred that carbon is extensively 

remained except for rGO derived from GO, which is further 

confirmed by energy dispersive X-ray (EDX) spectroscopy 

equipped in TEM. As shown in Fig. 3, extensive  

 

 
Fig. 3 (B-D) EDX mapping of (A) CeO2-x/C/rGO nanocomposites 

carbon is located in Ce-MOF derived CeO2-x due to the 

decomposition of 1,3,5-BTC in inert atmosphere. Taking 

aforementioned analysis into account, CeO2-x/C/rGO 

nanocomposites are eventually fabricated based on Ce-

MOF/GO nanocomposites after calcinations at 600 °C in Ar 

atmosphere. In the control experiments, CeO2-x nanorods 

and non-crystalline CeO2/C/GO/rGO nanocomposites are 

also obtained based on Ce-MOF/GO nanocomposites after 

calcinations at 450 °C in Air and Ar atmosphere, respectively. 

 
Fig. 4 (A) Cyclic voltammograms of Ce-MOF/GO nanocomposites 

calcinated at different temperatures in  0.05 M PBS with 4 mM H2O2, 

(B) Cyclic voltammograms of CeO2-x/C/rGO nanocomposites in PBS 

with different H2O2 concentrations, (C) working potential and (D) 

loading amount optimization of CeO2-x/C/rGO nanocomposites 

towards H2O2 detection    

Prior to fabricating uric acid biosensor, electrochemical 

properties of as-prepared samples with different conditions 

are firstly investigated by cyclic voltammograms (CVs) and 

chronoamperometry towards detection of uricase catalyzed 

intermediates, H2O2. The sensing mechanism of uric acid 

biosensor is based on the detection of H2O2 concentration, 

which is eventually proportional to the concentration of uric 

acid. Fig. 4(A) shows CVs of Ce-MOF/GO nanocomposites 

calcinated at different temperatures and atmosphere in 0.05 

M PBS with 4 mM H2O2. It is clearly observed that CeO2-

x/C/rGO nanocomposites exhibit higher catalytic properties 

towards H2O2 compared to that of CeO2-x nanorods and non-

crystalline CeO2/C/GO/rGO nanocomposites. The reason for 

this phenomenon can be ascribed to the following aspects. 

One the one hand, higher concentration of oxygen vacancies 

in CeO2-x/C/rGO nanocomposites favours the improvement 

of catalytic properties towards H2O2; on the other hand, 

good electrical conductivity of C embedded in CeO2-x and 

rGO accelerates the electron transfer during electrochemical 

reactions.  

 
Fig. 5 (A) Amperometric responses of uric acid biosensor based on 

CeO2-x/C/rGO nanocomposites with successive injection of uric acid 

with different concentrations. (a) 0.05 mM and (b) 0.1 mM, (B) 

Calibration curve of as-prepared uric acid biosensor. 
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In addition, cyclic voltammograms of CeO2-x/C/rGO 

nanocomposites in 0.05 M PBS with different H2O2 

concentrations are also carried out as presented in Fig. 4(B). 

Obviously, CeO2-x/C/rGO nanocomposites exhibit oxidation 

and reduction capability towards H2O2 simultaneously due to 

Ce
3+

/Ce
4+

 redox property in CeO2-x. And anodic and cathodic 

currents increase with increasing of H2O2 concentrations. Fig. 

4(C) depicts the working potential optimization of CeO2-

x/C/rGO nanocomposites towards H2O2 detection and the 

results are in line with CVs results in Fig. 4(B). Although the 

sensitivity of CeO2-x/C/rGO nanocomposites towards H2O2 

detection at 0.6 V vs. SCE is much higher than that working at 

negative potentials, negative potentials are preferred to be 

applied in uric acid biosensors by taking anti-interference 

ability into account. Eventually, -0.4 V is optimized and 

selected in the following experiments. As is known, loading 

amount of active materials plays a significant role in 

electrochemical properties. Therefore, influence of loading 

amount of CeO2-x/C/rGO nanocomposites on the catalytic 

property towards H2O2 is studied as shown in Fig. 4(D). When 

the loading amount of CeO2-x/C/rGO nanocomposites is 

lower, the catalytic property towards H2O2 detection is 

inferior. And its sensitivity of CeO2-x/C/rGO nanocomposites 

towards H2O2 detection achieves the peak value with a 

loading amount of 0.75 mg cm
-2

. If the loading amount is 

further increased, the sensitivities decrease as well due to 

slow mass transport and electron transfer. Therefore, 

loading amount of 0.75 mg cm
-2

 for CeO2-x/C/rGO 

nanocomposites is optimized and utilized for the 

construction of uric acid biosensors.  

In addition, calcinations temperature plays a key role in 

the performance of CeO2-x/C/rGO nanocomposites towards 

H2O2 detection and it is investigated as shown in Fig. S12-S14 

and Table S1. Obviously, CeO2-x/C/rGO nanocomposites 

obtained after calcinations at 600 °C in Ar exhibited higher 

amperometric responses that those of CeO2-x/C/rGO 

nanocomposites obtained after calcinations at 700 °C and 

800 ℃ in Ar. Although the oxygen vacancies in CeO2-x/C/rGO 

nanocomposites increased slightly when calcinations 

temperature increased to 700 °C and 800 °C, the catalytic 

performance of  CeO2-x/C/rGO nanocomposites towards H2O2 

detection decreased. The reasons for this phenomenon are 

probably ascribed to the following aspects. On the one hand, 

oxygen vacancies in fluorite CeO2 cannot increase 

proportionally with the increase of calcinations temperature 

because oxygen vacancies with supersaturation will result in 

the instability of CeO2; on the other hand, aggregation of 

nanomaterials at higher calcinations temperature leads to 

the decrease the specific surface area, which reduces the 

active sites of CeO2-x/C/rGO nanocomposites. Therefore, 

CeO2-x/C/rGO nanocomposites obtained after calcinations at 

600 ℃ in Ar are employed as substrate to construct uric acid 

biosensors. 

Fig. 5(A) demonstrates typical amperometric responses 

of uric acid biosensor based on CeO2-x/C/rGO 

nanocomposites with successive injection of uric acid with 

different concentrations. When uric acid is injected into PBS 

solution, it is catalyzed to H2O2, CO2 and allantoin as it 

reaches the active sites of uricase
41

. Subsequently, the 

generated H2O2 is reduced by a great amount of Ce
3+

 in CeO2-

x, resulting in the formation of cathodic current as shown in 

Fig. 5(A). The amperometric responses of uric acid biosensor 

are eventually proportional to the injected uric acid 

concentration. The sensitivity of uric acid biosensors based 

on CeO2-x/C/rGO nanocomposites is 284.5 μA·cm
-2

·mM
-1

, 

which is higher than those previously reported uric acid 

biosensors at low working potentials, such as PET and DTB 

on Au electrode (3.4 μA·cm
-2

·mM
-1

)
42

, ZnO nanosheets 

(129.81 μA·cm
-2

·mM
-1

)
43

, Thionine-SWNT (90 μA·cm
-2

·mM
-

1
)

44
, etc. The high sensitivity is probably ascribed to the 

extensive oxygen vacancies in CeO2-x and fast electron 

transfer in carbon and rGO. Meanwhile, the large specific 

surface area (~93.7 m
2
 g

-1
, as shown in Fig. S12) of CeO2-

x/C/rGO nanocomposites is beneficial to adsorb much more 

uricase and improve the activity of enzymatic catalysis. The 

linear range between 49.8 and 1050.0 μM (R
2
=0.995) is 

obtained according to the calibration curve of as-prepared 

uric acid biosensors as shown in Fig.5(B) and detection limit 

is calculated to be 2.0 μM based on Long’s approach
45

. The 

performances of uric acid biosensors based on CeO2-x/C/rGO 

nanocomposites were compared with those based on other 

substrates reported in the past decade and listed in Tables 

S2. Furthermore, uric acid biosensors based on CeO2-x/C/rGO 

nanocomposites display excellent anti-interference ability 

towards ascorbic acid and urea coexisting with uric acid. This 

can be attributed to less negative working potential of as-

prepared uric acid biosensors, avoiding the oxidation of 

ascorbic acid and urea at high working potentials. 

 

Fig. 6 Typical amperometric responses of CeO2-x/C/rGO 

nanocomposites-based uric acid biosensor with injection of 100 μM 

UA, 100 μM AA and 500 μM urea. 

Conclusions 

CeO2-x/C/rGO nanocomposites were designed and 

developed based on Ce-MOF in combination with 

graphene oxide. And CeO2-x/C/rGO nanocomposites 
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were employed as novel substrate to construct uric acid 

biosensors. It was found that oxygen vacancies played a 

significant role in forming Ce
3+

 ions in CeO2-x, which 

contributed to the superior electrocatalytic property 

towards H2O2 reduction and achieved the detection of 

uric acid at less negative working potentials. The 

biosensors presented a high sensitivity, wide linear 

range and low detection limit towards uric acid 

detection at -0.4 V vs. SCE. In addition, as-prepared 

biosensors based on CeO2-x/C/rGO nanocomposites 

displayed excellent anti-interference ability towards 

ascorbic acid and urea coexisting with uric acid, which 

would allow the substrates to be employed in clinic 

applications. 
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