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Abstract 

Due to the special structural defects, SnO2-based nanomaterials show full potentials for 

applying to photocatalysis. In this work, we explore the relationship between photocatalysis 

and growth mechanism of SnO2 nanocrystals. Through a pH-modifying method, the growth 

of SnO2 nanocrystals follows Ostwald Ripening (OR) mode at pH= 9, and Oriented 

Attachment (OA) mode at pH= 1.5, respectively. We comprehensively studied the structural 

characteristics of SnO2 nanocrystals by investigating high-resolution transmission electron 

microscope, X-ray diffraction, Brunauer–Emmett–Teller nitrogen physisorption, UV-vis 

diffuses reflectance, and photoluminescence spectra, and the results with growth dynamic 

simulation show that OA mode is obviously different from OR mode, and the photocatalytic 

performance of SnO2 nanocrystals varies under different growth mechanisms. The factors 

including crystal structure, particle size, and defects are all responsible for the variation of 

photocatalytic performance during OR or OA growth. Our study indicates that the 

photocatalytic performance of SnO2 nanocrystals can be tuned by the controlling of crystal 

growth mode. 

Keywords: term, term, term 

 

1. Introduction 

In-depth understanding of crystal growth mechanism 

provides the guidance for the structure- and property-control 

[1-10]. Generally, there are mainly two competitive 

mechanisms for the growth of nanocrystals, namely OR and 

OA, respectively. For OR growth, it is a classical mechanism 

which involves the growth of larger crystals at the expense of 

smaller ones [11, 12]; For OA growth, it is a novel 

nonclassical mechanism and can be described as that 

nanoparticles with common crystallographic orientations 

directly combine together to form larger ones [13-15]. In 

addition, crystal growth via OR or OA often shows unique 

characteristics. For example, OR-induced nanoparticles 

normally possess regular shapes and few defects, while OA-
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induced nanoparticles usually have irregular morphologies 

and special defects, such as twins, stacking faults, and 

misorientations [1, 2].As a result, these morphological and 

structural differences may lead to different physicochemical 

performance. In recent years, the photoluminescence activity 

of CdS quantum dots related to the crystal growth 

mechanisms was reported by a few research groups [7, 16, 

17]; However, the relationship between photocatalytical 

properties and growth mechanism has not been clearly 

revealed. 

Tin dioxide (SnO2), a typical n-type semiconductor with a 

wide band gap of ~3.6 eV, has been widely used in various 

areas including chemical gas sensing [8, 18], oxidation 

catalysis [19, 20], solar cells, and rechargeable Li batteries 

[21-24]. It should be noted that there exits strong links 

between the physicochemical properties and crystal 

morphology and/or structure of SnO2 nanomaterials [25, 26], 

and the growth mechanism should play a significant role in 

determine their crystal structures, thus has attracted much 

attention in recent years. The earliest non-classical growth 

phenomenon of SnO2 nanocrystals [27, 28] indicated that the 

agglomeration of SnO2 nanoparticles in suspension induced 

coarsening by the OA mechanism. On this basis, hollow 

SnO2 octahedra can be constructed by a template-free 

hydrothermal route [29]. Meanwhile, it was reported that 

ultrathin SnO2 nanosheets growth follows the OA mode [30]. 

The studies on the OA growth [2] indicated that the crystal 

growth of SnO2 nanocrystals occurred via the multi-step OA 

mechanism, and the corresponding kinetic model was 

established [31]. Subsequently, an aggregation-induced fast 

crystal growth mechanism was proposed, and the bulk-like 

crystals could be formed by the assembling of SnO2 

nanoparticles [32]. Furthermore, a mixed growth mode of 

SnO2 nanocrystals was also discovered [33]. However, 

although these studies proposed the OA growth mechanism 

of SnO2 nanoparticle, the relationship between the property 

and growth mechanism is still not clear enough, and different 

growth modes should result in different performances. 

Especially, the structure-photocatalysis relationships of SnO2 

nanocrystals directed by the OA or OR mode should be 

studied in detail. 

In this work, under the different pH, the growth behavior 

of SnO2 nanocrystals in a hydrothermal system was 

investigated. The growth kinetics of SnO2 nanocrystals can 

be explained by the OA and OR mechanism respectively. 

The close link between photocatalysis, structure and growth 

mechanism will be discovered. 

2. Experimentalsection 

2.1 Synthesis 

SnO2 nanoparticles were prepared by a hydrothermal route 

with stannic chloride (SnCl4·5H2O, analytical grade). To 

investigate the growth behavior of SnO2 nanocrystals, the 

pH-modifying of the original SnO2 nanoparticle suspension 

was used. One approach was the slow hydrolyzation of SnCl4 

solution at acidic condition: 3.15 g SnCl4·5H2O were 

dissolved in 30 mlmixed solution of 15 mldeionized water 

and 15 ml ethanol, and another was the forcible 

hydrolyzation of SnCl4 solution at alkali condition: 3.15 g 

SnCl4·5H2O were dissolved in 25 ml mixed solution of 10 ml 

deionized water and 15 ml ethanol, and subsequently added 5 

ml ammonia water to keep the pH value at~9. The 

suspension was uniformly stirred and finally transferred into 

a 60 ml Teflon-lined autoclave for consequence 

hydrothermal reaction. The hydrothermal reaction was 

conducted at 220 
o
C in an oven for different durations, 

ranging from 2 hours to 7 days. When the reaction was 

completed, the autoclave was removed from the oven and 

cooled down to room temperature. The samples were 

centrifugally separated and sufficiently washed by deionized 

water and ethanol to remove the residual impurities. Finally, 

the products were placed into a desiccator for drying at 60 
o
C 

for 24 hours. 

2.2Characterization 

The crystal structures were identified by X-ray diffraction 

(XRD) on a Rigaku D/MAX 2200 VPC diffractometer, 

operating at 40 kV and 20 mA, with steps of 0.02
o
 at 10

o
 

min
-1

 in a 2θ range from 15
o
 to 75

o
. The crystal 

morphological and structural characteristics were further 

examined by transmission electron microscopy (TEM, JEM-

2010HR electron microscope equipped with a Gatan GIF 

system) with an acceleration voltage of 200 kV. The 

Brunauer–Emmett–Teller (BET) nitrogen physisorption 

experiments were carried out on a Micromeritics ASAP 2010 

system. The pore size distributions of synthesized products 

were determined by using the Barrett-Joyner-Halenda (BJH) 

algorithm according to the desorption data of the N2 

isotherms. Photoluminescence (PL) spectra of the samples 

were obtained using a Renishaw micro-Raman model via 

Reflex spectrograph with the excitation wavelength of 325 

nm and the spectrum range was extended to 380–800 nm. 

UV-vis diffuses reflectance spectra of the samples were 

recorded on Lamda850 spectrophotometer in the range of 

200-800 nm. 

2.3Photocatalytic activity evaluation 

The photocatalytic activity for the degradation of methyl 

orange (MO) was performed in a Pyrex reactor, in which 200 

mg of the photocatalysts was suspended in 200 mlof MO 

aqueous solution (10 mg·L
-1

). A 250 W mercury lamp 

(Beijing Perfect Co., Ltd., the wavelength within the range of 

365 nm) as an ultraviolet light source was positioned inside a 

cylindrical Pyrex vessel. Prior to irradiation, the suspension 

of the photocatalyst in MO aqueous solution was stirred in 
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the dark for 30 min to secure an adsorption/desorption 

equilibrium. At the given irradiation time intervals of 20 min, 

4 mlaliquots were sampled and separated by centrifugation, 

and the residual MO concentration in the supernatants was 

analyzed by UV-vis spectroscopic measurements (T6 

spectrophotometer, Beijing Purkinje General Instrument Co., 

Ltd.). The concentration of MO was determined by 

monitoring the change in the absorbance at 464 nm. 

3. Results and discussion 

 

Figure 1. XRD patterns of SnO2 specimens synthesized at 220 oC 

with different reaction times ranging from 2 to 168 hours under (a) 

pH=~9.0 and (b) pH= ~1.5, (c) When pH= ~9.0, SnO2 nanoparticle 

size (square dots with error bar) fit well witha typical OR kinetic 

model (purple lines), and(d) when pH= ~1.5, SnO2 nanoparticle size 

(square dots with error bar) fit well with a typical OA kinetic model 

(purple lines). 

 

Table 1 Simulated data for the crystal growth of SnO2 nanoparticles 

under different pH 

 

SnO2 nanocrystals were synthesized under different 

conditions. One was the forcible hydrolyzation of SnCl4 

solution with using aqueous ammonia under hydrothermal 

condition; while another was the slow hydrolyzation of SnCl4 

solution without using aqueous ammonia under the same 

condition. In this situation, SnO2 nanocrystals should grow in 

different pH, where the former is ~9.0 and the latter is ~1.5 

according to the pH testing. At pH= ~1.5, the acidic 

condition is derived from the hydrochloric acid produced 

from the hydrolysis of SnCl4. Figures 1(a) and 1(b) show 

XRD patterns of the hydrothermal products synthesized from 

different reaction durations under two conditions, from 

which all diffraction peaks can be indexed as tetragonal rutile 

structure of SnO2 (JCPDS NO. 41–1445). With increasing 

the hydrothermal reaction duration,the diffraction peaks of 

products are visibly enhanced. The weak diffraction peak 

appeared after a reaction of 2 hours, indicating the initiation 

of crystalline phase. With the prolongation of reaction 

duration, the intensities and sharpness of diffraction peaks 

increase, indicating a continuous increase of crystallinity and 

crystal size. 

The average crystal size of samples can be calculated by 

Scherrer equation from the full width at half-maximum 

(FWHM) of (110) diffraction peaks [34]: 

 

d=0.89λ/(β·cosθ)     (1) 

 

where d is the crystal particle size, λ is the X-ray wavelength 

(λ= 0.1541 nm), β is FWHMof (110) diffraction peak, and θ 

is the Bragg diffraction angle, respectively. Figures 1(c) and 

1(d) plot the calculated crystallite sizes as a function of 

reaction timeunder different pH, respectively. It is clearly 

seen that the particle size at pH= ~1.5 is much larger than 

that at pH= ~9.0. Meanwhile, atthe initial stage (before about 

12 hours), the growth rate of SnO2 nanocrystals at pH= ~1.5 

increases with a faster process. The results of the crystallite 

sizes indicate that the growth of SnO2 should have different 

crystallization behaviors at different pH conditions, which 

can be further confirmed by electron microscopy. 

It has been reported that the surface charge of 

nanoparticles plays a critical role in the interactions between 

nanoparticles [35]. Previous study indicated that the 

isoelectric point of SnO2 nanoparticles was~3.1 [28]. In this 

situation, the surface charge is almost neutral and the 

aggregation behavior of SnO2 nanoparticles should be 

enhanced at pH= ~1.5 (near the isoelectric point). With 

increasing the solution pH (up to pH= ~9.0), the repulsive 

forces between nanoparticles and the negatively charged 

anions increase, leading to a decrease in the nanoparticle size. 

Clearly, the growth mode of SnO2 at pH= ~9.0 should follow 

the OR mechanism; while the growth mode at pH= ~1.5 

should be determined by the OA mechanism. To confirm 

this speculation, the simulation has been conducted 

according to the OR model and OA model, respectively. The 

growth kinetics of SnO2 at pH= ~9.0 can be described and 

fitted by the OR model [36, 37]: 

 

d=k1(t-t0)
1/n

+d0     (2) 

 

where t is the time, t0 is the induction time (here t0= 0.5 

hours), d is the average crystallite size at t, d0 is the initial 

average crystallite size at the starting point, k1 is a 

temperature-dependent reaction rate constant, and n is an 

exponent, respectively. Figure 1(c) and Table 1 show that the 

fitted data well matched with the experimental results. The 

fitting parameter n was 3.57, suggesting that the crystal 

 R2 d0 n/m k 

pH= ~9.0 0.93 1.72 n=3.57 k1=1.24 

pH= ~1.5 0.88 3.17 m=2.66 k2=0.08 
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growth was mainly controlled by the dissolution and 

precipitation process based on the OR mechanism (when n=4, 

the growth is controlled by dissolution kinetics at the 

particle-matrix interface) [38]. 

For the growth at pH= ~1.5, the OA model can be used to 

simulate the growth process of SnO2 nanocrystals [36, 37]: 

 

d=d0((1+mk2(t-t0))/((1+k2(t-t0))   (3) 

 

where t is the time, t0 is the induction time (here t0= 0.5 

hours), d is the average crystallite size at t, d0 is the initial 

average crystallite size at the starting point, m is defined as 

the aggregation factor which represents the degree of crystal 

combination, and k2 represents the crystal growth rate 

constant, respectively. The fitting curve shown in Figure 1(d) 

well align with the experiment results, indicating the actual 

crystal growth based on theOA mechanism. The deduced 

parameter m was 2.66, revealing that the growth was along 

the OA mode of multiple nanoparticles rather than the typical 

OA mode. 

 
Figure 2. HRTEM images of SnO2 samples synthesized at 220 oC 

with reaction time for (a, d) 2 hours, (b, e) 12 hours, and (c, f) 168 

hours under different pH, where the left column is at pH= ~9.0, and 

the right column is at pH= ~1.5. The inserts are corresponding FFT 

patterns from the HRTEM areas marked by the dashed circle lines. 

Based on the analysis above, we can conclude that with 

different pH, SnO2 nanocrystals grow along different 

pathways. To understand the structural evolution of SnO2 

under two conditions, high-resolution TEM (HRTEM) were 

performed. Figure 2 shows typical HRTEM images of the 

products synthesized from different reaction time, the insets 

show their corresponding Fast Fourier transform (FFT) 

patterns. The left column is at pH= ~9.0, and the right 

column is at pH= ~1.5. As can be seen, under different 

conditions, with the prolongation of hydrothermal reaction 

time, the crystallinity and crystal size of SnO2 nanoparticles 

increase, which is consistent with the XRD results. On the 

left column, the particles formed by means of the OR mode 

show a continuous increase of size and maintain a roughly 

spherical shape. Figure 2(a) is the HRTEM image of the 

sample synthesized for 2 hours, and the inset shows 

corresponding FFT patterns. It is obvious that the average 

crystal size is ~2.5 nm, and the crystallization is weak based 

on its FFT pattern. The unclear lattice fringe and rough 

surface of the crystals indicate the presence of the defects. 

With the reaction proceeding to 12 hours, the crystal size 

became larger, and the samples kept a sphere morphology. 

When the reaction time was up to 168 hours, the crystals 

significantly grew up to ~7 nm, and the crystal surfaces 

became much smoother. Clearly, as shown in Figure 2(c), the 

clear lattice fringe and strong diffraction spots both indicate 

that the crystals are perfect and most of the defects should 

disappear. This growth process matches well with the 

behavior of the OR mode. 

On the right column, the particles show different growth 

pattern. Figure 2(d) is a HRTEM image of the sample 

synthesized for 2 hours, from which the particle is composed 

of several sub-nanocrystals agglomerating along specific 

crystallographic orientation. Due to the OA mode of sub-

nanocrystals, the particles show an elongated shape and sizes 

are up to 3.5 nm, which is noticeably larger than that of the 

OR mode. The discontinuous lattice fringes, rough surfaces, 

and irregular morphology also indicate the presence of 

defects. Especially, the interfaces between the sub-

nanocrystals can be directly observed by HRTEM, where 

intensive interface defects can be discovered, derived from 

the noncompact combination of sub-nanocrystals. With 

increasing the reaction duration to 12 hours (Figure 2(e)), the 

particle size significantly increased. Due to the mutual fusion 

of sub-nanocrystals, the particle surfaces become much more 

regular and smoother; however, it is still clear to observe 

interface defects in the crystals. When the reaction time 

reaches to 168 hours (Figure 2(f)), the maximum size of ~9 

nm can be achieved, which results from the rapid aggregation 

growth. The regular crystal shape and clear lattice fringe 

confirm the achievement of perfect crystals, and there is no 

obvious defect found. It is interesting that the corresponding 
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FFT pattern shows a single-crystal feature, even though the 

particles aggregated from smaller crystals at the beginning. 

Under the OA mechanism, the crystal growth process was 

obviously different from the OR growth. The special 

morphology, larger size, and interface defects indicate 

different characteristic. More evidences by TEM can be 

seenin the Supporting Information. 

 
Figure 3. Nitrogen adsorption/desorption isotherms and BJH pore 

size distribution plots of SnO2 samples synthesized at 220 oC for 

different reaction durations under different pH. Here (a, b) pH= 

~9.0 and (c, d) pH= ~1.5. 

 

Figure 3 shows the nitrogen adsorption/desorption 

isotherms and pore size distribution of SnO2 samples 

synthesized at 220 
o
C, the specific surface area and pore-size 

distribution are determined by BET equation and BJH 

method. The adsorption/desorption isotherm curves reflect a 

typical IV adsorption model, and the adsorption capacity 

improves with increasing the relative pressure. Meanwhile, 

with increasing the reaction duration, the BET surface area of 

samples produced by the OR and OA modes shows a 

decreasing trend; however, it is obvious that the samples 

produced by the OR mode have more significant surface area 

than that of the samples grown by the OA mode. Because of 

growing with the OA mode, the aggregated growth between 

nanoparticles should lead to a significant decreasing of the 

surface area. Although the surface area decreases, the 

microporous structure can be formed at the initial stage. As 

shown inFigure 3(d), the samples synthesized for 2 hours 

exhibited the narrow micropore size distribution centered at 

1.8 nm, which can also be seen from HRTEM shown in 

Figure 2(d). The pseudo pore structure can be found in 

Figure 3(b), which is attributed to the agglomeration of the 

smaller nanocrystals to reduce the surface energy. It is not 

real microporous structure, which can be further verified 

from HRTEM image shown in Figure 2(a). 

To study the defects of the samples, the PL spectra are 

investigated, and the results are shown in Figure 4. Under 

these two OR/OA modes, the evolution trend of PL spectra is 

notably different. During the OR growth, as shown in Figure 

4(a), the broad peak around 500 nm (green luminescence) is 

observed, which is attributed to the internal defects such as 

dislocations, vacancies, and dangling bonds [7, 39]. 

Apparently, the defect-induced PL at 2 hours shows the 

highest peak, which is derived from a large number of 

internal defects produced during the nucleation process. With 

the times proceeding, these internal defects reduce, and the 

peak is weaken to the lowest at 6 hours. From 6 to 12 hours, 

the PL intensity is slightly enhanced. According to the 

reference, the imperfections degree and the crystallinity of 

the nanocrystals play important rolesin the PL [40]. During 

this stage, with the imperfection structure (Figure 2(b)), the 

size increases and the degree of crystallization improves. All 

these factors contribute to enhance the luminescence 

modestly. After 12 hours, the luminescence intensity 

gradually decreases due to that the nanocrystals grow 

perfectly and the internal defects almost disappear. 

 
Figure 4. (a, b) Evolution characteristics of the PL spectra of SnO2 

nanoparticles synthesized at 220 oC under different pH. Here (a) 

pH= ~9.0, and (b) pH= ~1.5. (c) UV-vis diffuse reflectance spectra 

of SnO2 samples synthesized at 220 oC for different reaction 

durations under different pH, where blue line represents pH= ~9.0, 

and pink line represents pH= ~1.5. 

 

During the OA growth, as shown in Figure 4(b), the broad 

peak around 500 nm is also observed including the shoulder 

peaks at ~580 nm and 440 nm. The shoulder peak at~580 nm 

(yellow luminescence) is attributed to the defects from the 

oxygen vacancies formed in SnO2 surface [41, 42]. The other 

shoulder peak at 440 nm (blue luminescence) results from 

the structural defects. In addition, many burr peaks can be 

seen from 400 nm to 600 nm, which should result from the 

interface defects from the Oriented Attachment between the 

nanoparticles [7]. According to the PL results shown in 

Figure 4(b), the entire process can be divided into two stages. 

At the first stage from 2 to 12 hours, with increasing the 

synthesis duration, PL intensity significantly increase. Using 

the OA growth, the combination of several primary particles 
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can result in a high concentration of the OA-induced defects 

such as dislocations, misorientations, and interface defects 

between these initial particles. During this period, more 

nanoparticles agglomerated and the concentration of the OA-

induced defects increased, resulting in an improving of PL. 

At the second stage (after 12 hours), the PL intensity slowly 

decreased, which was derived from the self-integration of the 

nanostructures. Therefore, it can be concluded that the PL 

behaviors are directly related to the crystal growth process. 

To study the optical response of the samples from 

different growth mechanisms, the UV−vis diffuse reflectance 

spectra were explored, as shown in Figure 4(c). The shape 

and absorption peak of the diffuse reflectance are slightly 

different in the process of crystal growth. To compare the 

spectra of two growth modes, the trends are comparatively 

unanimous. The absorption band at 280 nm reveals that SnO2 

nanocrystals have strong absorption ability in the ultraviolet 

region. With continuing the reaction, the absorption peak 

remarkably showed a red-shift and broadening effect, which 

is beneficial to the light absorption. This is attributed to the 

increasing of particle size and the enhancing of 

crystallization. The value of bang gap (Eg) can be calculated 

by Wood and Tauc method [43]. The Eg data indicates that 

the band gap become narrow with the reaction going on. 

 
Figure 5. (a, c) Comparison of photocatalytic activities of SnO2 

samples synthesized at 220 oC under different pH. (b, d) The 

degradation rate of MO in the presence of SnO2 nanocrystals 

synthesized for different reaction durations, where (a, b) pH= ~9.0, 

and (c, d) pH= ~1.5. 

 

The photocatalytic degradation of MO in aqueous solution 

under ultraviolet light is further depicted in Figure 5. As can 

be seen, SnO2 nanoparticles produced from different growth 

mechanisms present different behaviors in the photocatalytic 

activity. At pH= ~9.0, with prolonging the crystallization 

time, the degradation ability to MO increases and reaches a 

maximum value within 12 hours. After that, the 

photocatalytic activity of the samples remains almost stable, 

although a slight decrease can be seen with increasing the 

time. For pH= ~1.5, at the initial stage (from 2 to 6 hours), 

the photocatalytic activity of the samples shows an opposite 

trend, which decreases rapidly with the crystallization time 

increasing. Atthe second stage (from 6 to 12 hours), the 

photocatalytic activity increases again. At the last stage 

(After 12 hours), the degradation of MO tends to be 

decreased gradually. 

Distinctly, the different growth modes resulted in different 

photocatalytic activity. In general, the photocatalytic 

properties are closely related to crystallization degree, crystal 

microstructure, particle size, surface area, and defects [10, 

44-46]. All these factors play important roles in the 

absorption of light and adsorption of organic pollutants, 

which are two key factors to the photocatalytic activity. 

During OR growth, with the extension of time, the crystal 

crystallinity is enhanced, and the band gap is narrowed. As a 

result, the absorption of light is increased, and the 

photocatalytic performance is gradually improved at the 

initial stage. After 12 hours, due to the larger particle size 

and the smaller specific surface area, the adsorption of the 

samples is weakened, which counteracts the influence of 

band gap narrowing, and the photocatalytic performance 

keeps stable. 

However, during the OA growth, the sample synthesized 

at 2 hours shows the best catalytic performance. Owing to 

the Oriented Attachment between the nanoparticles, there is 

special microporous structure and many OA-induced defects 

formed in SnO2 nanocrystals (as described in Figures 2 and 

3). With the larger surface area and the special microporous 

structure, this sample has excellent absorption ability, which 

can be further verified by the adsorption data of dark field in 

Figure 5(c). In addition, the special microporous structure 

can improve the charge separation and migration of 

photogenerated carriers through interparticle charge transfer 

[47, 48]. Moreover, the OA-induced defects also play a 

significant role in facilitate the separation of the e
-
/h

+
 pairs 

because the photogenerated holes may easily find their way 

through the defects to travel to the interface and react with 

the organic pollutants. Therefore, all these factors are 

beneficial to improving the photocatalytic activity. 

Finally, based on the above analysis, the photocatalytic 

activity of SnO2 nanocrystals is discovered to directly relate 

to the growth process. As shown in Figure 6, under the 

different growth modes, the photocatalytic degradation rate 

dependence on the structural evolution is illustrated in one 

scheme. Visibly, in the initial stage (from 2 to 6 hours), the 

photocatalytic activity of SnO2 prepared by different 

methods shows an opposite tendency respectively, which is 

upward trend under the OR mode and downward under the 

OA mode. Due to the special microporous structure and OA-

induced defects, the OA-samples of 2 hours reveal better 

photocatalytic property. After 12 hours, under the OR mode, 

the photocatalytic activity reaches the highest level and 
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subsequently keeps stable. While, under the OA mode, a 

gradual decrease trend appears with growth process because 

of self-integration of the nanocrystals. 

 
Figure 6. Schematic drawing to show the correlation between the 

growth evolution and photocatalysis of SnO2 nanocrystals under 

different pH. 

4. Conclusion 

SnO2 nanocrystals were synthesized along different ways, 

one approach consisted of a hydrothermal technique at alkali 

condition, and another comprised a hydrothermal treatment 

at acidic condition. Through the crystal growth dynamics, the 

growth pattern of SnO2 at pH= ~9.0 follows the classic OR 

mode while the growth pattern at pH= ~1.5 can be described 

by the OA mode. Under the OA mechanism, the crystal 

growth process is obviously different from the OR growth. 

The special microporous structure, larger size, and OA-

induced defects display different characteristic. The 

photocatalytic degradation rate of MO is revealed to directly 

relate to the growth process of SnO2 nanocrystals, which 

shows the different behavior according to different growth 

mechanism. The correlation between photocatalytic 

performance and crystal growth mechanism are revealed, and 

the synthesizing route of nanocrystals with excellent 

photocatalytic performance is also proposed. 
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