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ABSTRACT: In this work, for the first time, we synthesize a SnO2nanomaterial through the 

calcination of tin metal-organic framework (MOF) precursors. X-ray diffraction, field emission 

scanning electron microscope, transmission electron microscopy, and the Brunauer-Emmett-

Teller specific surface area are used to characterize the phases and to observe surface 

morphologies. This anode material exhibits good electrochemical performance in LIBs with high 

reversible capacity and cycling stability. The good electrochemical properties could be ascribed 

to the short transport/diffusion path of electrons and lithium ions and the high contact area 

between the electrode and electrolyte that results from the nanostructured SnO2. This is low-cost, 
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facile and scalable for mass production of SnO2nanocomposites as a potential anode material for 

the next-generation LIBs. 

1. Introduction 

Rechargeable lithium-ion batteries (LIBs) are promising energy storage sources for many 

aspects of applications, such as portable electronic devices, electric vehicles, and stationary grid 

storage.
1, 2

 New generation electrode materials with long cycle life, high capacity and high-rate 

performance are under extensive studies to meet the challenging requirements.
1, 2

 Tin dioxide 

(SnO2), one of the transition-metal oxides,
3
 is considered to be a promising candidate to 

substitute currently commercialized graphite anode for next generation LIBs owing to its high 

theoretical capacity of 782 mA h g
-1

, appropriate working potential around 0.6 V (vs. Li
+
/Li), 

low cost, abundance, and environmental benignity.
3,4

 However, just like other transition-metal 

oxide electrodes, the practical applications of SnO2-based anodes are still hindered by their poor 

cycling stability caused by the large volume change (240%) of SnO2 during charge-discharge 

cycles, leading to the pulverization and electrical disconnection from the current collector.
1
 One 

of attractive strategies to tackle these volume change-induced structural issues of SnO2 is to 

decrease the size of the material because nanoparticles,
5-8

 compared to conventional bulk Sn is 

easily being oxidised on the surface.
9-11

 It can alleviate the large strain of SnO2 caused by lithium 

ion insertion/extraction, and can achieve excellent electrochemical performance due to the high 

contact area between active material and electrolyte.
12-15

 

Metal-organic frameworks (MOFs) constructed by metal ions (clusters) and organic linkers 

are a new class of hybrid functional materials with large specific surface areas and high 

porosities, and have wide applications in catalysis, drug delivery, photochemical and 

electrochemical.
16-22

 Recently there have been many reports of using MOFs as precursors or 
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templates to synthesize nanoparticles and high specific surface area materials. There have also 

been many reports of the synthesis of metal oxide nanoparticles by direct calcination of MOFs, 

which exhibit excellent electrochemical performance.
19-21, 23

 Nevertheless, to the best of our 

knowledge, there has been no report on synthesis of SnO2 nanoparticles with homogeneous 

morphology using MOFs as template. Herein we report a simple, scalable and low-cost synthesis 

of SnO2 nanoparticles via the conversion of the Sn-MOF. When evaluated as an anode material 

for LIB, the as-prepared SnO2 nanoparticles exhibit good electrochemical performance of a high 

reversible capacity and excellent stability of up to 100 charge/discharge cycles. 

2. Experimental details 

2.1 Reagents and Chemicals. Tin (II) sulfate (SnSO4) and p-Phthalic acid (C8H6O4) were 

purchased from Sinopharm Chemical Reagent Co. Ltd. Sodium hydroxide (NaOH, AR) was 

purchased from Aladdin Chemistry Co. Ltd. All chemicals were used as received without further 

purification. 

2.2 Synthesis of Sn-MOF. In a typical procedure, 0.012 mol C8H6O4 and 0.024 mol NaOH 

were dissolved in a 300 ml deionized water under stirring. After that, 60 mL of a 0.25 M SnSO4 

aqueous solution was simultaneously added dropwise into the above solution under constant 

stirring. The mixture was stirred for 5 h at room temperature until MOF precipitation was 

formed. The product was collected and washed with ethanol and deionized water for several 

times. At last, the white powder of Sn-MOF was dried in vacuum at 50 ℃. 

2.3 SnO2 nanoparticles synthesis. The Sn-MOF was thermally treated at 400 ℃ for 2 h under 

air atmosphere with a ramping rate of 5 ℃ min
-1

 and then naturally cooled down to room 

temperature. Finally, the product was taken out and it was found that the color of the material 

changed from white to gray.  
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2.4 Characterization. The composite was characterized by X-ray diffraction (XRD) which 

was carried out using an AXS D8 Advance Diffractometer (Cu-Kα radiation, receiving slit 

0.2mm, scintillation counter, 40mA, 40kV) in the range of 2θ=10-90°. The microstructure and 

morphology of the as prepared composite were characterized using a Hitachi S-4800 field 

emission scanning electron microscope (SEM) and an FEI Tecnai G2 F20 transmission-electron 

microscopy (TEM) at an accelerating voltage of 200kV. The Brunauer-Emmett-Teller (BET) 

specific surface area was analyzed using N2 absorption using an ASAP 2020M (Micromeritics 

Instrument Corp., USA).  

2.5 Electrochemistry test. To evaluate the electrochemical performance, the electrodes were 

fabricated using the mixture made up of 80wt% active material, 10wt% acetylene black and 

10wt% carboxymethyl cellulose (CMC). Lithium metal was used as the counter and reference 

electrode. The electrolyte was composed of a 1mol L
-1

 LiPF6 solution in fluoroethylene 

carbonate (FEC), dimethyl carbonate (DMC) and ethyl methyl carbonate (EMC) in 1:1:1(v/v/v) 

ratio. 2032 Coin cells were assembled in a glove box filled with high-purity argon. The charge-

discharge measurement of the cells was conducted on a LAND CT2000 battery test system in a 

voltage range of 0.01-1.5V (versus Li
+
/Li). The cyclic voltammetry experiments were carried out 

on a CHI660 Electrochemical Workstation (Shanghai Chenhua) in the potential window from 

0.01 to 1.5 V (vs. Li
+
/Li) at a scan rate of 0.05 mV s

-1
. Electrochemical impedance spectroscopy 

(EIS) was carried out using a Solartron 1470E Electrochemical Interface (Solartron Analytical, 

UK) electrochemical workstation at 25 ℃ with the frequency ranging from 1 MHz to 0.01 Hz 

and AC signal of 10 mV in amplitude as the perturbation. 

3. Results and discussion 
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The procedure of the preparation of SnO2 nanoparticles was illustrated in Fig. 1. First, a 

simple synthesis of Sn-MOF composite with flaky morphology was developed. A subsequent 

thermal decomposition process was introduced to convert Sn-MOF into SnO2 nanoparticles. The 

yield of SnO2 from the Sn-MOF is about 46.8%. Field emission scanning electron microscopy 

(FESEM) was carried out to investigate the size and morphology of the products. As seen in Fig. 

S1, the as-prepared Sn-MOF composite was relatively uniform and appeared in flaky 

morphology with an average thickness of ~100 nm. Fig. S2 showed X-ray diffraction (XRD) 

patterns of the prepared Sn-MOF composite. 

The crystal structure of the samples was characterized by XRD. As shown in Fig. 2, the XRD 

patterns of the product could be readily indexed to the tetragonal phase SnO2 (JCPDS no.:41-

1445),
24

 and no peaks from other impurities were observed, suggesting that the sample was of a 

pure phase. 

N2 adsorption-desorption measurement had been characterized on nano-SnO2, as illustrated in 

Fig. 3. It was found that nano-SnO2 had a Brunauer-Emmett-Teller (BET) specific surface area 

of 15.29 m
2
 g

-1
. The specific surface area of Sn-MOF was 14.24 m

2
 g

-1
. As seen in Fig. 4, the as-

synthesized SnO2 nanoparticles were relatively uniform and appear in spherical shape with an 

average diameter of around 40 nm, which is in good agreement with the result of the dynamic 

light scattering on SnO2 nanoparticles (Fig. S4). The elemental composition of Sn-MOF was 

determined by the reaction equation. The result shown in Table S1 revealed that the as-prepared 

products contain Sn, C, O, and H, the mass percentages of them 41.98%, 33.95%, and 22.63%, 

and 1.44% respectively. 

As shown in Fig. 5a, TEM characterization indicated that SnO2 nanoparticles had a uniform 

size distribution with diameters between 30 and 50 nm, which was in good agreement with the 

Page 5 of 21 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 6

previous SEM observations in Fig. 4. The corresponding HR-TEM image (Fig. 5b) showed clear 

lattice fringes with a spacing of 0.34 nm, which corresponded to the (110) plane of the tetragonal 

phase.
25

 The selected area electron diffraction (SAED) patterns comprised several bright 

concentric rings (Fig. 5c). The TEM image and the SADE of one small particle have been 

provided in Fig. S5. From Fig. S5, we can confirm that the SnO2 particles are single crystalline. 

The elemental composition of nano-SnO2 was determined by EDX analysis. The result displayed 

in Fig. 5d revealed that the as-prepared products contained Sn, O and Cu. Among these elements, 

Cu was generally influenced by the copper network support films. 

The electrochemical properties of the nano-SnO2as an anode material for LIBs were evaluated. 

The active materials mass density loading in the electrode is about 0.6 mg cm
-2

. Fig. 6a showed 

the charge/discharge profiles of the composite at a current density of 40 mA g
-1

 between 0.01 

and 1.5 V vs. Li
+
/Li. The first cycle discharge and charge capacities were 1600.9 and 832.4 mA 

h g
-1

, respectively，corresponding to a high initial coulombic efficiency of 52.0%, which was 

remarkably higher than other reports.
12, 26, 27

 The capacity loss of the electrode in the first cycle 

could be mainly attributed to the irreversible reduction from SnO2 to Sn and Li2O and the 

formation of a solid electrolyte interphase (SEI) film. The charge/discharge capacities slightly 

increased in the subsequent cycles, which may attributed to the activation of active materials. 

The reversible capacity of the nano-SnO2 electrode is 850 mA h g
-1

, much higher than the 

theoretical capacity of SnO2,
9, 22, 23

 which might be attributed to the partially reversible reaction 

of Li2O and Sn to SnO2.
28, 29

 Fig. 6b displayed the cyclic voltammogram (CV) profiles of the 

nano-SnO2 electrode in a potential window of 0.01-1.5V (vs. Li
+
/Li) at a scanning rate of 

0.05mVs
-1

 for the first 8 cycles.  In the first half-cycle, three broad cathodic peaks at around 

1.25, 0.85 and 0.24 V could be ascribed to the decomposition of SnO2 to Sn and Li2O, the 

Page 6 of 21RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 7

formation of a SEI film, which disappeared under the subsequent cycles,
30

 and finally the 

alloying reaction between Sn and Li
+
, respectively. In the case of the first anodic process, two 

broader anodic peaks at 0.48 and 0.60 V corresponded to the extraction of lithium ion from Li-Sn 

alloys. Note that another oxidation peak at 1.25 V was also observed, which was most likely due 

to the partially reversible reaction of SnO2 to Sn and Li2O.
31

 CV behavior presented remarkably 

repeatable shapes after the first cycle demonstrating high reversibility of the charge/discharge 

process. 

The cycle performance together with the coulombic efficiency of the nano-SnO2 material at a 

current density of 400 mA g
-1

were shown in Fig. 7a. The initial coulombic efficiency relatively 

low was 52.0%, and then after a few charge-discharge cycles, the nano-SnO2 material exhibited 

good capacity retention and their coulombic efficiency steadily remains higher than 99%, which 

was mainly attributed to the unique feature of the nanostructured SnO2. Nanostructures can 

alleviate the large strain of Sn during alloying/dealloying process and can effectively decrease 

the transport/diffusion path of electrons and lithium ions. For the first three cycles, the electrode 

was activated at a higher current density of 40 mA g
-1

, and for the following cycles, it was 400 

mA g
-1

. At the end of 100 cycles, a reversible capacity of ~541.8 mA h g
-1

 could still be retained. 

The cycling performance for Sn-MOF material has been provided in Fig. S6. The capacity of the 

Sn-MOF material is only 198 mA h g
-1

 at a current density of 400 mA g
-1

 after 50 cycles, which 

shows a lower capacity than the SnO2. The rate capability of the electrode was evaluated at 

different current densities from 40 mA g
-1

 to 3.2 A g
-1

, as shown in Fig. 7b. The anode material 

exhibited rate capability with capacities of 400 mA h g
-1

 at 1.6 A g
-1

 and 285 mA h g
-1

 at 3.2 A g
-

1
, which demonstrated that the nano-SnO2 anode had good rate capability and high columbic 
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efficiency. From these results, it is believed that the excellent rate performance of the nano-SnO2 

anode is associated with the relatively small particle size and large surface area. 

The EIS of the nano-SnO2 electrode was investigated to gain further insights into the superior 

rate capability and the stable cycling performance (Fig. 8). The frequency range was set between 

1MHz and 0.01Hz, and EIS was carried out on the sample after being charged to 1.5 V at 40mA 

g
-1

 in the 1
th

, 2
th

, 5
th

 and 50
th

 cycle, respectively. The Nyquist plots showed a depressed 

semicircle at high frequency and a straight line at low frequency. The diameter of the depressed 

semicircle represented the resistance of the charge-transfer process, while the straight line 

corresponded to the diffusion of lithium ion in the nano-SnO2 electrode. The Randles equivalent 

electrical circuit and the values of Rct for the nano-SnO2 electrode were shown in Fig. S7 and 

Table S2. It could be seen that there was even a slight decrease in charge-transfer resistance after 

50 charge-discharge cycles, demonstrating that the nano-SnO2 electrode having a stabilized state 

and the good reaction kinetics in the charge-discharge process, which was consistent with the 

good cycling stability of the composite. 

3. Conclusions 

In summary, for the first time, we synthesized a nano-SnO2 material through the calcination of 

MOF precursors, which involved the preparation of the Sn-MOF template and subsequent 

thermal decomposition of the template in an air atmosphere at the temperature of 400 ℃. The as-

prepared nano-SnO2 exhibited good electrochemical performance in LIBs with high reversible 

capacity and excellent cycling stability and good rate capability. The good electrochemical 

properties could be ascribed to the short transport/diffusion path of electrons and lithium ions 

and the high contact area between the electrode and electrolyte that result from the 

nanostructured SnO2. The synthetic route was low-cost, facile and scalable for mass production 
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of the SnO2 as a potential anode material for the next-generation LIBs with improved energy 

density capacity. 
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Figure Captions 

Fig. 1 Schematic illustration of the formation of SnO2 nanoparticles. 

Fig. 2 XRD patterns of the as-synthesized nano-SnO2. 

Fig. 3 N2 adsorption-desorption measurement of the nano-SnO2. 

Fig. 4 (a) Low- and (b) high-magnified FESEM images of products obtained after heating Sn-

MOF at 400 ℃. 

Fig. 5 TEM image of the obtained nano-SnO2 (a), High-resolution TEM image (b), selected area 

Electron Diffraction (SAED) Spectroscopy (c) and EDX profile (d). 

Fig. 6 (a) Galvanostatic charge/discharge profiles of the nano-SnO2 anode at a current density of 

40 mA g
-1

. (b) Cyclic voltammogram of the 1st to 8th cycle of the as-prepared nano-SnO2 

composite between 0.01 to 1.5 V (vs. Li
+
/Li) at a scanning rate of 0.05 mV s

-1
. 

Fig. 7 (a) Cycling performance of the nano-SnO2 electrode at a current density of 400 mA g
-1

. 

(b) Rate capability of nano-SnO2 at different discharge currents. 

Fig. 8 Nyquist plots of the electrodes of the nano-SnO2 composite after 1, 2 and 5 charge-

discharge cycles at 40 mA g
-1

, obtained after charging to 1.5 V. 
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Fig. 1 Schematic illustration of the formation of SnO2 nanoparticles. 

  

Page 13 of 21 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 14

 

Fig. 2 XRD patterns of the as-synthesized nano-SnO2. 
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Fig. 3 N2 adsorption-desorption measurement of the nano-SnO2. 
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Fig. 4 (a) Low- and (b) high-magnified FESEM images of products obtained after heating Sn-

MOF at 400 ℃. 
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Fig. 5 TEM image of the obtained nano-SnO2 (a), High-resolution TEM image (b), selected 

area Electron Diffraction (SAED) Spectroscopy (c) and EDX profile (d). 
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Fig. 6 (a) Galvanostatic charge/discharge profiles of the nano-SnO2 anode at a currentdensity of 

40 mA g
-1

. (b) Cyclic voltammogram of the 1st to 8th cycle of the as-prepared nano-SnO2 

composite between 0.01 to 1.5 V (vs. Li
+
/Li) at a scanning rate of 0.05 mV s

-1
. 
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Fig. 7 (a) Cycling performance of the nano-SnO2 electrode at a current density of 400 mA g
-1

. 

(b) Rate capability of nano-SnO2 at different discharge currents. 
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Fig. 8 Nyquist plots of the electrodes of the nano-SnO2 composite after 1, 2 and 5 charge-

discharge cycles at 40 mA g
-1

, obtained after charging to 1.5 V. 

 

Page 20 of 21RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Graphical Abstract 

 

Page 21 of 21 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


