
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



 

 1

Effects of Fluorine Ions on the Formation and Photocatalytic Activities of  

SnO2 Nanoparticles with Small Sizes 

Tingting Hao, Guoe Cheng
*
, Hanzhong Ke, Yujie Zhu, Yangming Fu 

Faculty of Material & Chemistry, China University of Geosciences, Wuhan, Hubei 430074, PR China 

Abstract: SnO2 nanoparticles with small sizes were synthesized by a simple hydrothermal route with 

existence of different dosages of fluorine ions. These nanoparticles all showed typical rutile phase and 

excessive dosage of fluorine ions would result in other crystallographic phase. The average diameters of 

as-prepared products were all smaller than 4 nm. The introduction of fluorine ions showed little influence 

on the morphologies and crystallite sizes, but enhanced the crystallization of rutile phase and promoted 

the growth of SnO2 crystallites. XPS patterns showed that some introduced fluorine ions were physically 

adsorbed on the surface of SnO2 crystals, but not doped in the lattice. The photocatalytic activities were 

tested with photodecomposition of Rhodamine B (RhB) under a 300 W high-pressure mercury lamp. The 

results indicated that proper amount of fluorine ions on the surface of SnO2 nanoparticles caused 

significant enhancement of their photocatalytic activities.  
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1. Introduction 

  In recent years, semiconductor photocatalytic materials have drawn wide attention from researchers 

due to their wide potential applications in water, air purification and solar energy conversion and so on. 
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SnO2, as a stable n-type wide band gap semiconductor (Eg = 3.6 eV), is well-known for potential 

applications in transparent electrodes, gas sensors, storage applications and solar cells [1-5]. Recently, 

photocatalytic activities of SnO2 nanocrystals have been reported by a few papers [6-11]. Li et al. report 

that V-shaped SnO2 bipods show unprecedented visible-light-driven photocatalytic activities [7]. 

Meanwhile SnO2 nanostructures with various morphologies and microstructures exhibit diverse 

photocatalytic activities [8-11]. These results reveal that SnO2 nanocrystals have a great potential prospect 

on photocatalytic activities. However, comparing with TiO2 nanostructures, photocatalytic performances 

of SnO2 nanocrystals still have much room for improvement [12-17]. Enhancing the photocatalytic 

activities of SnO2 nanostructures is still a major challenge and worth to further study.  

In general, doping or introduced in the additive can improve the microstructure of SnO2 nanomaterials, 

and affect the macroscopic performances, such as electricity, optics, magnetism and gas sensitive 

performances, especially the photocatalytic activities. With doping or introduced in the additive, it makes 

a reduction of the recombination rate of photogenerated electrons and holes, resulting in the enhancement 

of photoactivity [18-19]. SnO2/ZnO composite has been reported to exhibit a significant enhancement of 

photocatalytic capability toward degrading RhB compared to undoped m-SnO2 [20]. Metal elements 

doping of SnO2 photocatalysts have been reported frequently, such as In, Sb, Au, Fe, Cd, Ni, Pd etc. 

[21-27]. However, few papers are about nonmetal elements doping or introducing fluorine ion into SnO2 

nanostructures. In fact, studies have shown that doping or introducing fluorine ion can promote the 

growth of active crystal plans, reduce the recombination rate of photogenerated electrons and holes, and 

improve photocatalytic performances of TiO2 nanocrystals [28-34]. Park et al. report that F-TiO2 is more 

effective than pure TiO2 for the photocatalytic oxidation of Acid Orange 7, which presents the degradation 
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of Acid Orange 7 reaches 100% degradation rate within 40 min under UV irradiation [35]. In this work, 

we report the simply hydrothermal synthesis of SnO2 nanoparticles with small diameters in water with 

assistance by sodium fluoride. Different dosages of fluorine ions are employed to study the effects of 

fluorine ions on the formation and photocatalytic activities.  

 2. Experimental section 

 2.1. Preparation 

   All the chemicals used in this experiment were analytical grade and were used without further 

purification. In a typical synthesis, 1.05 g of tin (IV) chloride pentahydrate (SnCl4·5H2O) was dissolved 

in 56 mL of distilled water under stirring at room temperature and the transparent clear solution was 

obtained. Then the above solution was transferred into a 70 mL stainless steel Teflon-lined autoclave. 

After maintaining in an oven at 180 °C for 5 h, the autoclave was cooled down to room temperature 

naturally. White precipitate was collected and washed with distilled water and absolute ethanol by 

centrifugation for several times successively, followed by drying in air at 80 °C for 24 h. The as-obtained 

product was called Sn-0F. On this basis, different dosages of sodium fluoride (NaF) were dissolved 

together with SnCl4·5H2O into distilled water to investigate the effect of the fluorine ion on SnO2 

nanostructures. The molar ratios of NaF to SnCl4·5H2O (RF) were adjusted to 0.5:1, 1:1, 2:1, 3:1 and 4:1, 

and the as-obtained products were named as Sn-1/2F, Sn-F, Sn-2F, Sn-3F and Sn-4F, respectively.  

 2.2. Characterizations 

   The crystalline phase of the SnO2 powders were carried out by an X-ray diffractometer (XRD, Bruker 

Axs D8-Focus, Cu kα radiation with λ = 1.5406 Å). Surface chemical analysis of the samples was 
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conducted on an X-ray photoelectron spectroscope (XPS, Multilab 2000). All binding energies were 

referenced to the C 1s peak with a binding energy of 284.7 eV of the surface adventitious carbon. The 

microscopic nanostructures were measured using a FEI Tecnai G2 20 transmission electron microscopy 

(TEM) at an acceleration voltage of 200 kV. 

2.3. Photoactivity Measurement 

The photocatalytic activities were tested by photochemical reactions instrument (BL-GHX-IV) and 

UV–vis adsorption spectra (UV-1801). RhB was used as a probe molecule to research the photocatalytic 

activities of SnO2 nanorods. The experiments were carried out as follows: 50 mg of the samples were 

dispersed in 50 mL of 10 mg·L-1 RhB solution in a quartz tube. Prior to illumination, the suspensions 

were magnetically stirred in the dark for 1 h to establish adsorption–desorption equilibrium. Subsequently, 

the suspension was irradiated under a 300 W high-pressure mercury lamp. Every time 5 mL of the above 

solution was taken out and centrifuged before UV-vis analysis. UV–vis adsorption spectra were recorded 

at certain time intervals (10 min) to monitor the process.  

3. Results and Discussion 

The XRD patterns of the as-obtained products are all shown in Fig. 1. All the diffraction peaks of the 

sample Sn-0F can be indexed to the rutile phase SnO2 (cassiterite, JCPDS card No. 41-1445, space group: 

P42/mnm) with tetragonal lattice constant a=4.738 Å and c=3.187 Å. When different dosages of NaF were 

introduced, the obtained samples also show tetragonal SnO2 with rutile structure. However, the widths of 

the diffraction peaks can be found to become narrower steadily with the dosages of fluorine ion increased, 

indicating that the introducing of fluorine ion can improve crystallinity of SnO2 nanoparticles. In fact, we 

have found that the introduction of fluorine ion can also increase yield of SnO2 nanoparticles. The yield of 

Page 4 of 14RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

 5

those samples contained fluoride ion is at least twice as much as that of the samples without fluoride ion. 

However, with RF increased to 4:1, some impure peaks are found to exist in SnO2 nanocrystals (marked 

with *). Maybe the fluorine ions are incorporated into the SnO2 lattice which results in the formation of 

new crystallographic phase. Yu et al. also found that fluorine ions doping in TiO2 nanocrystallines 

enhanced the crystallization of anatase phase and promoted the growth of crystallites, even can changed 

the crystalline phase [29].  

TEM images illustrate microscopic nanostructures of the as-obtained products (Fig. 2). As can be seen 

from Fig. 2, the samples are all composed of uniform SnO2 nanoparticles with small sizes. The average 

diameters of all samples are smaller than 4 nm. The introduction of fluorine ions shows little influence on 

the morphology and crystallite sizes. The high resolution transmission electron microscopy (HRTEM) of 

the products Sn-0F and Sn-2F are presented in Fig. 3. As can be seen from the Fig. 3, the lattice fringes in 

the HRTEM image further confirm the single-crystal nature of the SnO2 nanoparticles. The crystal 

spacing between adjacent lattice planes is 0.334 nm, corresponding to (110) planes of rutile SnO2. 

XPS is also carried out to investigate the surface compositions and chemical state. Their corresponding 

binding energy values are used for quantitative measurements of the elements present in the material [36]. 

The results of the samples Sn-0F and Sn-2F are shown in Fig. 4, respectively. The XPS patterns show 

that the Sn-0F contains only Sn and O without any trace impurities except C elements (Fig. 4a). The 

peaks of the Sn-0F observed at 486.3 eV and 495.2 eV (Fig. 4b) are attributable to Sn 3d5/2 and Sn 3d3/2, 

530.6 eV to O 1s, respectively (Fig. 4c). The C element could be attributed to the adventitious 

carbon-based contaminant. The binding energy of Sn 3d5/2 is 486.3 eV for the Sn-0F (Fig. 4b), slightly 

lower than that of tin oxide (>486.4 eV). According to Peng et al., this result suggests that these 
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nanoparticles are oxygen deficient because the oxygen deficiency can decrease the binding energy of Sn 

[37]. The peak with an O 1s binding energy around 530.6 eV corresponds to the Sn-O-Sn bonds, 

indicating that the oxygen atoms exist as O2− species in the compounds (Fig. 4c) [38]. Quantification 

gives an atomic ratio of Sn and O of 1:1.518 which also confirms the existence of oxygen vacancies. In 

comparision, besides Sn, O, and C elements, the Sn-2F contains F elements as well (Fig. 4a). The Fig. 4d 

shows the binding energy of F 1s is 684.5 eV which is attributed to the fluorine ions physically adsorbed 

on the surface of SnO2. The surface fluoride could be formed by ligand exchange reaction between 

fluorine ions and the surface hydroxyl group on the surface of crystals [39]. No other peak can be found 

to be attributed to the incorporated fluorine ions in SnO2 lattice. 

The UV-Vis DRS of all samples are presented in Fig.5 to detect their optical absorption properties and 

the information on their band gap. All the composite photocatalysts have a strong absorption feature in 

the UV region (below 400 nm) and the visible light absorption is not observed. In comparison with the 

sample Sn-0F, the absorption edges of the samples Sn-F, Sn-2F, Sn-3F and Sn-4F are blue-shifted while 

the absorption edge of Sn-1/2F shows a slight red-shift. With the increase of fluoride ion, the blue-shift 

phenomenons were more greatly increased. Moreover, we can observe that the samples Sn-0F, Sn-1/2F, 

Sn-F and Sn-2F have a broader absorption feature while the samples Sn-3F and Sn-4F can only absorb 

the UV light below 375 nm.  

To understand the effect of particle size and crystal structure on the photocatalytic activity, the 

photocatalytic degradation tests are carried out (Fig. 6). C0 and C are the initial concentration after the 

equilibrium adsorption and the reaction concentration of RhB, respectively. Controll experiment 

illustrates that the degradation of RhB hardly occurs, while other solutions containing SnO2 nanocrystals 
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show photocatalytic degradation in various extents. Comparing the samples Sn-1/2F, Sn-F and Sn-2F 

with Sn-0F, we find that photocatalytic activities are strongly dependent on the dosages of the introduced 

fluorine ions. The more fluorine ions were introduced, the larger photocatalytic activities of SnO2 show. 

The sample Sn-2F presents the best photocatalytic activity which shows almost 100% degradation of 

RhB within 60 min. However, with the dosages of fluorine ions further increased, their photocatalytic 

activities become much lower than that of Sn-2F, even lower than that of Sn-0F. In recent years, a few 

reports have studied the photocatalytic activities of SnO2 nanostructures in RhB solutions under UV 

irradiation. By contrast, These SnO2 nanoparticles we obtained show higher photocatalytic activities when 

compared with SnO2 nanostructures perpared by Wu, Wang and their co-workers etc. [10, 22, 40]. The 

photocatalytic reactions of semiconductor surface are due to the production of photogenerated electrons 

and holes in the semiconductors by the absorption of UV light. The photocatalytic efficiency depends on 

the recombination rate or lifetime of photogenerated electrons and holes. If recombination occurs too fast, 

then there is not enough time for any other chemical reactions to occur [41]. Fluorine ions can serve not 

only as a mediator of interfacial charge transfer but also as a recombination center [42]. In our study, the 

fluorine ions on the surface of SnO2 are believed to be responsible for a reduction of the recombination 

rate of photogenerated electrons and holes. Fluoride ion has a strong negative, which can make tin atoms 

positively charged to attract electrons and reduce O2 into ·O2- at the same time. However, a decrease in 

the photocatalytic activity is observed when excessive fluorine ions are introduced. Maybe the impure 

crystalline phase existing in the SnO2 crystals and the narrower absorption bound of UV light are 

responsible for it. 

4. Conclusion 
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In summary, SnO2 nanoparticles with small sizes have been synthesized by simple hydrothermal route 

with existence of different dosages of fluorine ions. Fluorine ions absorbed on SnO2 nanocrystallines 

improve the crystallization of rutile phase and promote the growth of crystallites. With RF increased to 4:1, 

other impure peaks are found to exist in SnO2 nanocrystals. A certain amount of fluorine ions are 

physically adsorbed on the surface of SnO2 crystals, but not doped in the lattice. The photocatalytic 

activities of SnO2 nanoparticles are strongly dependent on the dopant concentration since the fluorine ion 

can serve not only as a mediator of interfacial charge transfer but also as a recombination center. The 

sample Sn-2F presents the best photocatalytic property. When irradiated under a 300 W high-pressure 

mercury lamp, the degradation of RhB reaches 100% within 60 min. 
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Fig. 1. The XRD pattern of the as-obtained products 
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Fig. 2. TEM images of the as-obtained products: (a) Sn-0F; (b) Sn-1/2F; (c) Sn-F; (d) Sn-2F; (e) 

Sn-3F; (f) Sn-4F 

   

Fig. 3. The HRTEM images of SnO2 nanoparticles: (a) Sn-0F; (b) Sn-2F  

 

 

  Fig. 4. The high-resolution XPS spectra of Sn-0F and Sn-2F: (a) XPS full spectrum; (b) Sn 3d; (c) O 

1s ;(d) F 1s  

Page 12 of 14RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Fig. 5. The UV-Visible diffuse reflectance spectra (DRS) of all samples 

 

Fig. 6. Degradation curves of RhB under UV irradiation in the presence of various photocatalysts 
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