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Dispersed cerium based CPs hollow microspheres derived from the “green” ligand-citric acid were 

fabricated for the first time via a bottom-up and template-free way under hydrothermal condition. The 10 

shell thickness of hollow spheres could be facially tuned by changing the reaction time, and the 

morphology could also be regulated by tuning the pH values and molar ratios of reactants. The formation 

mechanism of hollow microspheres was demonstrated as an Ostwald ripening process, and the release of 

H2Cit- was proposed as the promotion of the hollowing process. Moreover, with the CPs hollow spheres 

as precursors, corresponding porous CeO2 hollow spheres were obtained, and after loading with Pt, the 15 

Pt/CeO2 electrodes displayed a relative high current density and If/Ib value for electrocatalysis of 

methanol. 

Introduction 

Coordination polymers (CPs) or metal organic frameworks 

(MOF) have been widely applied in catalysis, nonlinear optics, 20 

gas storage and medicine because of their diverse topological 

structures and compositions.1-5 Currently, the morphogenesis of 

CPs micro- and nanostructures including the amorphous “infinite 

coordination polymer” and the crystalline ones have attracted 

great attention due to their unique and highly tailorable 25 

properties.6-21 And for the past few years, kinds of CPs micro- or 

nanostructures have been synthesized, such as micro-, 

nanospheres,6-9 nanoparticles,10 nanocubes,11,14 nanorods,16,17 

nanotubes,18 macroporous foams19 and nanoflakes.20 These 

micro- or nano- materials have shown diverse functionalities, 30 

including optical properties, 9 ion exchange, 11 magnetism18 and 

electrical properties21 etc. Moreover, these examples also prove 

that the size, shape, and composition of CPs are crucial for 

deciding their chemical and physical properties. Although 

remarkable progresses have been made in this field, it is still a 35 

challenge to design CPs with a certain morphology and function 

based on a given set of metal cations and ligands.  

 Hollow structures, especially the hollow spheres have drawn 

considerable interest in the past few decades due to their low 

density, large surface area, and wide range of potential 40 

applications.22-26  For instance, the large fraction of void space in 

hollow structures can be used to load and control releasing of 

drugs, genes, peptides and other biological molecules.23 They can 

also be used to modulate refractive index, lower density, increase 

the active area for catalysis or adsorption and improve particles’ 45 

ability to suppress cyclic changes in volume for lithium 

batteries.24-26 Similar effects can be expected in CPs hollow 

structures, and in some certain conditions, might have better 

exhibition, for example, in drug delivery due to their lower  

toxicity.27 However, there are relative few efforts have thus been 50 

made towards the successful preparation of CPs hollow 

spheres.28-32 Chen and his coworkers have reported a template 

free fabrication of lanthanide-asparagine CPs hollow spheres in 

an early stage.28 Then, Wang et al. have prepared well defined 

hollow iron- and cobalt-based ferrocenyl coordination polymer 55 

microspheres (Fe-Fc-HCPS) with microporous shells by a 

solvothermal reaction.29,30 Recently, Zhong et al. have 

synthesized series of terbium based hollow spheres with 

submicrometer size, and these spheres showed an interesting 

white light emission property.31 Although the research for hollow 60 

spheres with other compositions have proved that dispersed 

morphology and tunable shell thickness were very important for 

their applications,22 reports on effective control of these two 

factors for hollow CPs spheres are very limited.32 As a result, 

some new examples and methods are still desired for obtaining 65 

CPs hollow spheres with dispersed morphology and tunable shell 

thickness. 

Citric acid (α-hydroxyl tricarboxylic acid), a kind of low-cost 

and “green” organic molecules, which could be industrially 

produced from sustainable resources such as molasses, corns and 70 

cassava etc. For a long time, it is well known on account of its 

important roles in biosystems and physiological processes.33 

Moreover, it was found to be a versatile ligand in coordination 

chemistry due to its conformational flexibility, its ability to 
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deprotonate completely or partially, and its diversity in 

complexing behavior. As a result, many metal–citrate compounds 

have been structurally characterized.33-38 Besides that, citric acids 

has also been widely used in nanomaterials synthesis to stabilize 

the nuclei, regulate the morphology or act as an important surface 5 

exchange ligands due to its strong complex ability with metal 

cations.39-41 Although citric acids has played important roles in 

coordination chemistry and nanoscience, there are still very few 

report focusing on its own nanomaterials when complexing with 

metal cations to form an infinite coordination polymers. 10 

In this regard, we present a bottom-up approach for obtaining 

cerium-citric acid CPs (denoted as CeCit) hollow microspheres 

with dispersed morphology by a one-pot hydrothermal reaction 

without any additional template, and their shell thickness could 

be facially tuned by varying reaction time. The formation 15 

mechanism of hollow spheres was discussed and it can be 

ascribed to Ostwald ripening. Furthermore, using these CeCit CPs 

microspheres as precursors, well defined CeO2 hollow spheres 

were obtained by calcination. Recently, several kinds of uniform 

CeO2 hollow spheres have been fabricated via the template free 20 

way, but their methods showed difference with ours. Some of 

them used the oxidants to fabricate CeO2 nanopartilces, and then 

assembled these nanoparticles into hollow spheres using organic 

reagents such as citric acid42, PEG43 and PVP44 as the capping 

agents or structure directing agents, respectively. While others 25 

prepared CeO2 hollow structures through the inorganic 

intermediates such as Ce(OH)CO3.
45,46 However, in our method, 

the citric acid was not the capping agents or structure directing 

agents like those in the above literatures, but actually the ligands 

in the CeCit CPs, and the sperical morphology derived from the 30 

initial formed CPs microspheres similar with other amorphous 

CPs spheres.6,7,9 After loading with platinum (Pt), the as-prepared 

Pt/CeO2 electrodes displayed a relative high current density and 

If/Ib value for methanol electro-catalysis. Our work offered a 

simple method to obtain the CPs hollow structures, and the low-35 

cost, enviromental benign citric acid ligands would be benificial 

for its conversion to oxides and possible mass production in 

future. 

Experimental section  

Materials: All chemical reagents are commercially available and 40 

were used as received. Ce(NO3)3.6H2O, citric acids (H3Cit), 

concentrated HCl solution (37%) and NaOH were purchased 

from Guangfu Ltd.. 

Preparation of Ce-Cit CPs hollow microspheres: In a typical 

synthesis, 6 mmol H3Cit was dissolved in 24 ml H2O. Then 2 45 

mmol Ce(NO3)3•6H2O was added in the H3Cit solution under 

stirring. After stirring for several minutes, the solution obtained 

was transferred into 30 mL autoclave, sealed and heated under 

160 °C for certain time. The pH values were tuned using 1M HCl 

and 1M NaOH, and the quantity of reactants was also tuned if 50 

necessary. The as-prepared CeCit CPs was washed by H2O and 

ethanol successively and dried at 60 °C.  

Preparation of CeO2 hollow spheres: Using the CeCit CPs 

hollow spheres as precursors, after calcination at 365 °C for 1.5 h, 

CeO2 hollow spheres were obtained.  55 

Preparation of electrocatalyst: Pt/CeO2 catalyst was prepared in 

the following steps. 10 mg CeO2 was dispersed in deionized water 

to reach a concentration of 1mg. mL-1, and then mixed with 

H2PtCl4 solution (1 wt%) to make certain quantity of H2PtCl4 

transferred onto the CeO2 (here the quantity is 20wt % Pt) under 60 

stirring for 1h. After that, H2PtCl4 was reduced to metal Pt with 

the addition of NaBH4 (5 wt%) under stirring for another 1 h. 

Before testing, the Pt/CeO2 particles were mixed with the 

required amount (20 wt% compared with catalyst) of carbon 

black (Vulcan XC-72R) in ethanol (total 2.5 mg catalyst and 65 

0.5mg carbon in 5 mL) and placed in ultrasonic treatment for 20 

min. After that, 10 µL of suspension was dropped on a glassy 

carbon electrode and dried at room temperature under nitrogen as 

protection.  

Evaluation of electrocatalyst: All electrochemical 70 

measurements were performed on a CHI 650D electrochemical 

workstation (Shanghai CH Instruments Co.,China). A 

conventional three-electrode system was used for all 

electrochemical measurements: a glassy carbon electrode (GC, 

0.2 cm2) as the working electrode, an Ag/AgCl electrode as the 75 

reference electrode, and a platinum wire electrode as the counter 

electrode. 

Characterization: SEM was measured on Shimadzu SS-550, 

Hitachi Model S-4800 and Nova instruments. TEM was 

measured by Philips Tecnai F20 instruments. EDX spectrum was 80 

measured on the Hitachi Model S-4800 instrument. The TG-DTA 

of the sample was performed on a Rigaku TG-DTA thermal 

analyzer. XRD patterns were recorded on a Rigaku D/max-2500 

diffractometer, with Cu Kα radiation at 40 kV and 100 mA. FT-

IR spectra were carried out on KBr pellets on a BRUKER 85 

VECTOR 22 spectrometer. 13C CP/MAS NMR were measured 

on the Bruker Avance III 400MHz NMR spectrometer. The ESI-

MS was performed on Agilent LC (1260)-MS (6520) 

spectrometer and Bruker Daltonics Apex II FT-ICR-MS Multi-

Source Mass Spectrometer System. Element analysis data were 90 

obtained with an Elementar Vanio-EL instrument. N2 adsorption 

and desorption isotherms were measured on a BELSORP miniII 

analyzer at 77 K. Specific surface area of CeO2 hollow spheres 

was calculated by BET (Brunauer-Emmett-Teller) method. 

Results and discussion 95 

In a typical synthesis, 6 mmol citric acid (H3Cit) was employed 

together with 2 mmol cerium cations (Ce3+) to fabricate CeCit 

CPs hollow spheres under 160 °C in an aqueous solution (Scheme 

S1). The reaction time, pH value and molar ratio of reactants 

were all important factors in the formation and regulation of 100 

CeCit CPs hollow spheres. 

I

II

III
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Scheme 1 Illustration of three level ionization of citric acid in aqueous 

solution. 

   The morphology of as-prepared CeCit CPs was studied by 

scanning electron microscopy (SEM) measurements. As shown in 

Figure 1a, most of the CeCit CPs obtained after reaction for 12 h 5 

(denoted as CeCit-12) were hollow microspheres with the 

diameter of 4-6 µm (CeCit-12: 5.1 µm in average, Figure S 1a; 

CeCit-24: 5.5 µm in average, Figure S1b). The enlarged picture 

(Figure 1b, Figure S2a,c) displayed that these microspheres had a 

smooth surface and with the shell thickness of c.a. 400 nm. When 10 

the reaction time was prolonged to 24 h, the as-prepared products 

(denoted as CeCit-24) were also microspheres with the similar 

diameter but much better dispersity (Figure 1c), and their 

enlarged pictures showed that the surface of this patch of 

microspheres was rougher than that of the ones obtained after 15 

shorter reaction time (Figure 1d). Moreover, after another 12 h of 

reaction, the shell thickness of hollow spheres were obviously 

decreased (Figure 1d), and its value of a single broken 

microsphere was measured to be c.a. 150 nm (Figure S2b,d), 

which is nearly 40% of the ones obtained after reaction of 12h. 20 

This phenomenon might be induced by a mass transfer process 

described below, and could be used to get continuous changed 

shell thickness by finely tuning the reaction time. 

a b

c d

e f

 
Fig. 1 SEM images of CeCit CPs hollow microspheres obtained after 25 

hydrothermal reaction of (a, b) 12 h with pH=2.0, (c, d) 24 h with 

pH=2.0, (e) 12 h with pH=1.0 and (f) 12 h with pH=3.5. 

Another interesting phenomenon is the pH sensitivity of the 

morphology. The hollow microspheres could only be produced at 

the pH value of 2.0, while the pH value was tuned below 1.0; 30 

microspheres with concrete interiors were obtained (Figure 1e). 

When the pH value changed to 3.5, microplates with thickness 

less than 100 nm rather than spherical particles became the main 

products (Figure 1f), and after tuning the pH value larger than 6, 

no solid product was collected. The reason might be ascribed to 35 

different ligands formed at varied pH values. The H3Cit is a kind 

of weak acid which has three level of ionization (pKa1 of H3Cit = 

3.13, pKa2 = 4.76, pKa3 = 6.40, Scheme 1). When the pH value 

was below 1.0, most of the citric acids existed in the solution as 

H3Cit without ionization. So the ligands coordinated with Ce3+ 40 

were mainly H3Cit, and the solid microspheres were obtained at 

that pH value. When the pH value was 3.5, H2Cit- rather than 

H3Cit dominated the ligands, so microplates instead of 

microspheres were the main products. While at the pH value of 

2.0, the ligands were mixtures of H3Cit and H2Cit-, which might 45 

make the CPs in a metastable stage between solid spheres and 

microplates, so the final products were hollow spheres. Once the 

pH value increased above 6.0, the H3Cit approach fully ionization 

and most ligands were Cit3-. It has stronger solvation ability than 

H2Cit- and HCit2- and could not form stable complexes or CPs 50 

with Ce3+, which might be the reason for no solid product. By 

electrospray ionization mass spectrometry (ESI-MS), fractional 

ions of [(C6H8O7)-H]- (m/z=191) were detected for all these three 

kinds of CPs but no other fragments assigned to HCit2- or Cit3- 

could be found, which proved the ligands were mainly the 55 

mixtures of H3Cit and H2Cit-  in the range of pH=1.0~3.5. The 

morphology could also be facilely tuned by molar ratios of 

reactants, the quantity of H3Cit was kept unchanged and irregular 

particles, solid microspheres and microspheres assembled by 

nanoparticles were obtained at Ce3+ quantity of 0.5, 4, 6 and 8 60 

mmol, respectively (Figure S3).  

The X-ray diffraction (XRD) patterns of CeCit CPs hollow 

microspheres were featureless, indicating the non-crystalline or 

amorphous nature of these materials (Figure S4). As most of 

reported CPs micro or nano-particles displayed unexplored 65 

crystalline structures, and the single crystal could hardly be 

obtained, researchers usually used multi-analysis methods to 

study the compositions and structures of CPs micro or nano-

particles. 17,19 Here as an example, the CeCit-12 obtained was 

carefully characterized.  70 

 
Fig. 2 SEM images of CeCit CPs obtained after hydrothermal reaction of 

(a) 2 h, (b) 6 h and (c) 12 h; (d) the illustration of formation  process of 

CeCit CPs hollow microspheres. 

Compared with pure citric acid (H3Cit) ligands, the fourier 75 

transform infrared (FT-IR) spectrum (Figure S5a, b) of CeCit-12 

CPs displayed similar characteristic except several bands. The 

strong stretching band at 1620 cm–1 and 1690 cm-1 in the 

spectrum of pure H3Cit could be ascribed to the symmetric and 
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asymmetric stretching of –COOH. For CPs, these two bands 

became broader and overlapped with each other due to the 

coordination effect of Ce3+ and carboxyl.19,28 The strong bands in 

1400 cm-1 for H3Cit and 1410 cm-1 for CPs could be assigned to –

CH2 group deformation, which indicated that the bone of ligands 5 

was stable during the hydrothermal reaction. In the region of 

3600~3200 cm–1, for H3Cit, there was a strong band centred at 

3400 cm–1 assigned to -OH groups. While for CPs, this band was 

much broader due to the coordination effect. The 13C-nuclear 

magnetic resonance (NMR) spectrum of CeCit CPs (Figure S6) 10 

showed a wide and overlapped spectrum due to the paramagnetic 

property of cerium and the coordination effect of metal cations 

and ligands.19 However, it still displayed the main characteristic 

of citric acid species including the signal at c.a. 40 ppm of –CH2 

only connected with carboxyl, the signal at c.a. 80 ppm of 15 

quaternary carbon connected with both hydroxyl as well as 

carboxyl and the signal at c.a. 180 ppm of carboxyl groups, which 

further proved the existence of citric acids species in the CeCit-12 

CPs.  

 20 

Fig. 3 SEM images of CeO2 hollow spheres (a, b) CeO2-12, (c, d, e) 

CeO2-24; (f) HRTEM image of CeO2-24, the inset of the image indicated 

the crystalline lattices of CeO2. These CeO2 hollow spheres were all 

prepared by calcination of CeCit CPs precursors obtained at pH=2.0. 

By ESI-MS we detected several kinds of molecular fragments 25 

of CeCit-12 CPs (Table S1), including m/z=190.9 ([(C6H8O7)-H]-

), m/z=712.0 ([Ce(C6H8O7)3-4H]-), m/z=780.9 ([Ce3(C6H8O7)6-

11H]2-) and m/z=849.1 ([Ce4(C6H8O7)6-14H]2-), respectively, 

which provided direct evidence that the infinite coordination 

network was mainly formed by coordination of Ce3+ and citric 30 

acid species. Although no obvious molecular fragments of single 

HCit2- or Cit3- were detected by ESI-MS, we could not fully 

exclude the involving of these ligands in the CeCit CPs due to 

their possible existence by deprotonating of H3Cit (or H2Cit-) and 

coordinating with Ce3+. Based on the above analysis, Elemental 35 

analysis (EA) data (Table S2) and weight loss information of 

thermogravimetry (TGA) (Figure S7), the chemical composition 

of the CeCit-12 could be derived as Ce0.89 (C6H5.33O7) • 1.54H2O. 

C6H5.33O7 was the average composition of mixed citric acids 

species, which might also be one reason for the formation of 40 

amorphous CPs.  

To elucidate the formation mechanism of CeCit hollow 

microspheres, as an example, the CeCit-12 was carefully studied 

here. The time-dependent syntheses were performed at 160 °C 

and the products obtained at different reaction times were 45 

subjected to SEM, XRD, FT-IR and EA measurements, 

respectively. It is interesting to note that, after 2 h of reaction, 

most of the initial products were microspheres of size c. a. 1-3 

µm, and some of them started to aggregate into larger ones 

(Figure 2a). After 6 h of reaction, microspheres with diameter of 50 

4-6 µm were mainly produced, and partial microspheres began to 

hollow out (Figure 2b). After the reaction proceeded to 12 h, the 

final hollow microspheres were prepared (Figure 2c). The XRD 

patterns showed that the CPs obtained at 6 h and 12 h were all in 

amorphous nature (Figure S4b,c), while the pattern of initial 55 

products (2 h) had a rough baseline similar to other CPs but with 

several weak peaks (Figure S4a). The FT-IR spectra of CPs 

obtained in the initial stage (Figure S5c, d) showed the similar 

characteristics to those of pure H3Cit and CeCit-12, indicating the 

preservation of citric acids in the CPs. However, they displayed 60 

different subtle structures especially in the region of 1800-1200 

cm-1 compared with CeCit-12, which was consistent with the 

XRD patterns and proved again the different nature between the 

poor crystallized CPs in the initial stage (2 and 6 h) and the 

amorphous CPs obtained after reaction exceeding 12h. 65 

It is known that the citric acids existed in the initial reaction 

solution were almost the mixtures of H3Cit and H2Cit- (pH=2.0), 

and the crystalline microplates (Figure 1f) obtained at pH=3.5 

mainly contained H2Cit-. So it is suggested that the ligands in the 

initial products were probably the mixture of H3Cit and H2Cit-, 70 

and the CPs containing mixed ligands could be recognized as a 

metastable stage between solid microspheres (H3Cit as ligands) 

and crystalline microplates (H2Cit- as ligands). As a result, when 

the hydrothermal reaction proceeded, the H2Cit- were gradually 

released and the crystalline phase in the initial product 75 

decomposed, which resulted in the formation of void in 

microspheres (Figure 2a-c) and disappearance of crystalline peaks 

in XRD pattern (Figure S4). The mass release was also proved by 

EA analysis (Table S2), which showed that the content of carbon 

in products gradually decreased during the reaction process. 80 

Notably, the total decreasing of carbon quantity (from 2 h to 12 h) 

was 1.48 wt%, which is not enough compared to the large void in 

the hollow microspheres. That is because the quantity of citric 

acids is much excessive, and the outcome of H2Cit- was together 

with income of H3Cit during the reaction process, which might 85 

bring enough Ce-H3Cit phase to stablize the final product and 

was proved by a slightly increasing of hydrogen (Table S2). Due 

to the excess of H3Cit ligands, some free H3Cit molecules could 

also be encapsuled in the shells of CPs during this process. Zeng 

have suggested that Ostwald ripening could also be operative for 90 

amorphous solids,47 and in our previous work, both of the 

particles aggregation and hollowing process of amorphous CPs 
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were proved to follow Ostwald ripening mechanism, and the 

driving forces were release of organic ligands.19,28 So combined 

the results described above, it is demonstrated that the hollow 

microspheres were probably formed by a particle aggregation 

together with hollowing process based on Ostwald ripening 5 

mechanism, and the promotion is the release of  H2Cit- (Figure 

2d). 

Recently, conversions of CPs into nanostructured metal oxides 

or carbon materials have become an important application of CPs 

due to their diversity and adjustability in morphology and 10 

compositions. 19,20,28,48-51 Besides that, CeO2 is a kind of excellent 

inorganic materials which have wide applications in catalysis, 

biology, ionic conductor and solid oxides fuel cells etc. 52-55 As a 

result, here with CeCit CPs hollow spheres as precursors, 

dispersed CeO2 hollow spheres with porous shell were obtained 15 

by calcination (Figure 3, Figure S7 and Figure S8). 
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Fig. 4 (a) The XRD pattern and (b) the nitrogen adsorption and desorption 

isotherms of CeO2-24; the cyclic voltammograms of Pt/CeO2-24 (20% wt 

Pt) in (c) 0.5 M H2SO4 and in (d) 0.5 M H2SO4 and 1M methanol solution. 20 

 
Fig. 5 SEM image (a) and TEM images (b-d) of Pt/CeO2-24.  

The SEM images (Figure 3a, c) showed that both of CeO2 

hollow spheres derived from CeCit-12 and CeCit-24 (denoted as 

CeO2-12 and CeO2-24, respectively) became shrinkage (about 25 

50%) after calcination, and their diameters were in the range of 2-

4µm (CeO2-12, 2.7 µm in average, Figure S 1c; CeO2-24: 2.5 µm 

in average,, Figure S1d) , while their shell thickness did not have 

obvious change (Figure 3c, d). Another interesting variation after 

calcination is the increasing of dispersity of these CeO2 hollow 30 

spheres, which might be ascribed to the broken of adhesion parts 

between spheres (Figure S 8a). The magnified images displayed 

that there were nanopores (20-200 nm) on the shell of CeO2 

hollow spheres (Figure 3b, d, e and Figure S8b), especially for 

the CeO2-24, which should be due to their much thinner shell 35 

thickness. So we chose CeO2-24 as an example, and studied its 

porous properties.  The broad diffraction peaks in its XRD pattern 

(Fig 4a) implied that it might be assembled by CeO2 

nanoparticles, and this was confirmed by high resolution 

transmission electron microscope (HRTEM) test. The HRTEM 40 

image (Fig. 3f) showed that the shell of hollow spheres was 

assembled by CeO2 nanoparticles with the d-spacing of 0.32 nm. 

The aggregation of nanoparticles gave rise to a mesoporous 

structure, with a BET surface area of 56 m2. g–1 (Figure 4b). 

CeO2 has been proved as a kind of effective support or 45 

promoter for eletrocatalyst after loading noble metals.56-61 Here 

we used CeO2-24 as the support and promoter, prepared Pt/CeO2 

(20 wt% Pt quantity, carbon black was also added to improve the 

total conductivity) and test its electrocatalytic properties for 

methanol oxidation. Figure 4c showed the cyclic voltammetry 50 

(CV) curve of our Pt/CeO2 modified electrodes in 0.5 M H2SO4 

to evaluate its electrocatalytic activity without the reactants, and 

it displayed a strong reduction peak at around 0.55 V and an 

oxidation peak above 0.6 V, which is the characteristic of Pt 

based materials.62-65 The existing of these peaks suggested that 55 

our Pt/CeO2 material had relative strong electrocatalytic activity, 

so we could perform the reaction in the solution of 1M methanol 

and 0.5 M H2SO4 to evaluate its electrocatalytic acitivity for 

methanol oxidation in detail (Figure 4d). The CV curve in 

methanol showed that there were two oxidation peaks appeared at 60 

around 0.4 and 0. 65 V with a scanning rate of 50 mV/s. The 

calculated peak current density was 2.28 mA.cm2- (the mass-

specified current density of the Pt/CeO2 was 91 mA.mg-1, 0.005 

mg catalyst on the glassy carbon electrode), which is no less than 

other Pt/CeO2 modified electrodes with the similar Pt quantity.61 65 

Ceria promoted noble metal electrocatalysts have been proved 

to be stable in acidic electrolytes after long time cycling 59, 60. 

Herein, our electrocatlayt also showed stable activity after 200 

cycles (Figure S9). One of the possible reasons might be the 

relative high redox potentials of CeO2: from 1.42 V~1.50 V 70 

vs.Ag/AgCl in 0.1 M~4 M H2SO4.
66 Figure 5 showed the 

microstructure of Pt/CeO2-24. The low resolution TEM image 

(Figure 5b) displayed several microspheres with pale inner parts 

further provding their hollow nature. It is oberved that although 

there existed some slight aggreations of Pt nanoparticles, they 75 

dispersed relative well to form a layer on the shell of CeO2 

hollow spheres (Figure 4c) with the grain size of about 10 nm 

(Figure 4d), which might be responsible for its electrocatalytic 

activity and stability. A typical energy dispersive X-ray (EDX ) 

sperum was shown in Figure S10, which confirmed the exsitence 80 

of Pt element. Two random quantity of Pt detected by EDX were 

14.48 wt% and 27.70 wt%, which were close to the theoretical 

loading quantity of Pt. 
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In methanol electro-oxidation, the anodic peak current in the 

reverse scan (Ib) is for the removal of intermediate CO-like 

compounds produced during the forward scan (If). So the 

parameter If/Ib is very important to evaluate catalyst susceptibility 

to poisoning.67 Low If/Ib ratio indicated poor oxidation of 5 

methanol to carbon dioxide during the forward scan and 

excessive accumulation of carbonaceous residues on the catalyst 

surface, which would lead to catalyst poisoning. While high If/Ib 

ratio indicated better anti-poisoning ability. Here the If/Ib value 

for our Pt/CeO2 modified electrode is 1.19, which is nearly twice 10 

for commercial Pt/C catalyst (0.77) 67 and indicates the addition 

of CeO2 hollow spheres increased the anti-poisoning ability for 

the whole Pt-based electrodes. Shen et al. demonstrated that 

during the electrocatalysis, the oxygen containing species could 

form on the CeO2 and then  transform CO-like poisoning species 15 

on Pt to CO2, leaving the active sites on Pt for further 

electrochemical reaction.56 Recently, Ou and his coworkers have 

further studied the roles of CeO2 in Pt/CeO2 electrodes using 

HRTEM and electron energy loss spectroscopy (EELS).58 They 

found that the CeO2 could strongly interact with Pt via a redox 20 

process and produce high concentration of defects such as Pt 

cations, Ce3+ cations, and oxygen vacancies in a so-called triple-

phase interfacial region (CeO2-Pt-atmosphere/solution), and these 

defects could generate and support the OH groups to eliminate 

the CO like poisoning species on the Pt particles and thus 25 

promote the oxidation of methanol. In our case, the relative high 

If/Ib value might be assigned to not only this point but the porous 

structure as well as high surface area. 

Conclusions  

 In summary, dispersed CeCit CPs hollow microspheres were 30 

fabricated here via a bottom-up and template-free way under 

hydrothermal condition. The shell thickness of hollow spheres 

could be facially tuned by controlling the reaction time, and the 

morphology also displayed sensitivity to pH value and molar 

ratios of reactants. The formation mechanism of hollow 35 

microspheres was demonstrated as an Ostwald ripening process, 

and the release of H2Cit- was proposed as the promotion of the 

hollowing process. Moreover, with the CPs hollow spheres as 

precursors, corresponding porous CeO2 hollow spheres were 

obtained, and after loading with Pt, the Pt/CeO2 electrodes 40 

displayed a relative high current density and If/Ib value for 

electrocatalysis of methanol. Our work offered a simple method 

to obtain the CPs hollow structures, and the low-cost, 

enviromental benign citric acid ligands would be benificial for its 

conversion to oxides and possible mass production in future. 45 
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