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Abstract. Monodisperse organic functionalized silica micro/nano spheres have been extensive research 

due to their special structural features. In this study, the Monodisperse organic functionalized silica 

micro/nano spheres were prepared by one-step hydrolysis condensation reaction of organosilane including 

TCPTES、MPTES、CTES、CPTES、UPTES in microemulsion system. It was showed that it was no 

particles from UPTES in the presence of SDS, and organic silica spheres prepared with CTES and CPTES 

had uniform particle size and monodispersity. However, organic silica spheres with poor disperse can be 

obtained from UPTES in the presence of CTAB, due to the physical adsorption between charges. In the 

contrast with SDS system, other organic silica spheres had poor disperse and nonuniform particle size.  

1. Introduction 

There has been growing interest in the past decade in fabricating organic-inorganic hybrid materials, 

because they combine the versatility of the organic chemistry with the advantage of inorganic species 

among these hybrid materials, a typical and important class of hybrid materials is organic 

functionalzied silica materia[1-3]. More importantly, These organic functionalzied silica materials can 

be used to prepare core-shell structures[4], yolk-shell structures[5] and hollow mesoporous 

structures[6-8], and widely applied in  in various fields, such as  catalyst, adsorption, chromatography 

and so on.  

Traditionally, organic functionalzied silica was always prepared by post-grafting method and co-

condensation method[9-13].However, in the former method, organic groups were directly grafted onto 

the surface of pure silica materials. It may lead to a nonhomogeneous distribution of the organic 

groups within the silica and a lower degree of occupation. Compared with the post-grafting method, 

co-condensation synthesis involves the simultaneous condensation of corresponding silica and 

organosilica precursors. This case may result in decrease of order degree with increasing concentration 

of (R’O)3SiR in the reaction mixture [14-15]. 

For this reason, it is urgent to find an efficient and facile preparation for the organic functionalized 

silica materials. Therefore, this paper reported a facile and effective preparation for monodisperse 

different organic functionalized silica by one-step microemulsion method using  organosilane as single 

silicon source, respectively.  
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2. Experiments 

2.1 Materials 

3-Thiocyanatopropyltriethoxysilane（TCPTES，99.9%）,γ-

Mercaptopropyltriethoxysilane（MPTES，99.9%), 2-cyannethyltriethnxysilane（CTES，99.9%), 3-

Cyanopropyltriethoxysilane（CPTES，99.9%）and [3-[Tri(ethoxy)silyl]propyl]urea（UPTES ，

99.9%）were  obtained from  Sinopharm Chemical Reagent Co. Ammonia 

solution（NH3∙H2O，25%-28%), Sodium dodecyl sulfonate（SDS）, Sodium dodecylbenzene 

sulfonate（SDBS) and cetyl trimethyl ammonium bromide（CTAB）were  purchased from Damao 

Chemical Reagent Company  in Tanjing. 

2.2 Organic functionalized silica micro/nano spheres 

Monodisperse silica micro/nano spheres with various organic groups were prepared via one-step  

microemulsion method. The detailed synthetic procedure was as follows. An amount of SDS (or 

CTAB) was fully dissolved  in 50 ml H2O, and then 1ml of organosilane was added into the above 

aqueous solution to form homogeneous microemulsion system under stirring. After 30 min, 1 ml 

ammonia solution was dropwise added into the above microemulsion system to keep stirring for 6 

hours.  Finally, the mixture had cooled to room temperature, the mixture was centrifuged and washed 

three times with water and ethanol, separately. 

3. Results and Discussion 

3.1 Synthesis of  organic functionalized silica micro/nano spheres  

The synthesis of monodisperse silica micro/nano spheres with different functional groups is 

schematically illustrated in Scheme 1.  In a typical process, organosilane was firstly hydrolysed in 

microemulsion system to form hydrolysates with hydroxy groups, these hydrolysates with hydroxy 

groups were further condensed under the alkaline conditions using ammonia as the catalyst by a one-

step method,  forming spherical structure  with organic groups on the surface of silica spheres, denoted 

organic functionalized silica micro/nano spheres.                                                          

 

Scheme 1  Schematic  illustration for the synthesis and structure evolution of monodisperse  organic 

functionalized silica micro/nano spheres 

3.2 Effect of different organosilanes on the formation of products 

In this study, organic functionalized silica micro/nano spheres were obtained via one-step method in 

water emulsion, using organosilane as only precursor and ammonia as catalyst. Table1 showed the 

experimental results prepared by different organosilanes in the presence of SDS under the same 
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conditions. It could be found from the results that there was no particles by using UPTES as silane 

precursor in the same conditions.  

 

Table 1. Experimental results of organic functionalized silica micro/nanospheres prepared with 

different organosilane under the same SDS concentration 

Samples products 
H2O 

(ml) 

ammonia 

solution 

(ml) 

SDS 

(g) 

reaction   

time  

( h) 

SEM a 

size 

(nm) 

RSD 

(%) 

 TCPTES TC-SiO2 30 1 0.01 6 508 0.059 

MPTES SH-SiO2 30 1 0.01 6 488 0.067 

CTES CN-E-SiO2  30 1 0.01 6 496 0.027 

CPTES CN-P-SiO2 30 1 0.01 6 1350 0.003 

UPTES UD-SiO2 30 1 0.01 6 no particles no particles 
a The average spheres size ( x (nm)) and relative standard deviation (RSD(%)) of organic 

functionalized silica micro/nanospheres measured by SEM are defined as follows: 
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Figure 1.  SEM images of (a) SCN-SiO2,  (b) SH-SiO2,  (c) CN-E-SiO2  and  (d) CN-P-SiO2 prepared 

under SDS 

Figure 1. showed the corresponding SEM images of organic functionalized silica micro/nano 

spheres obtained in the presence of SDS. In comparation with SCN-SiO2 prepared with TCPTES and 

SH-SiO2 prepared with MPTES in the same synthesized condition (Fig.1 (a) and (b)), CN-E-SiO2  

prepared with CTES and CN-P-SiO2 prepared with CPTES revealed highly monodispersed spheres 

(Fig.1 (c) and (d)). In addition, CN-P-SiO2 were larger and much more uniform than that of CN-E-

SiO2 , the average spheres size were about 1350 nm due to  its longer carbon chains (3C atoms) than  

that of CTES  (2C atoms).  
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Table 2. Experimental results of organic functionalized silica micro/nanospheres prepared with 

different organosilane under the same CTAB concentration 

Samples products 
H2O 

(ml) 

ammonia 

solution 

(ml) 

CTAB 

(g) 

reaction   

time  

( h) 

SEM a 

size 

(nm) 

RSD 

(%) 

TCPTES TC-SiO2 30 1 0.01 6 801 0.097 

MPTES SH-SiO2 30 1 0.01 6 467  0.082 

CTES CN-E-SiO2  30 1 0.01 6 833 0.076 

CPTES CN-P-SiO2 30 1 0.01 6 1200 0.045 

UPTES UD-SiO2 30 1 0.01 6 2167 agglomeration 

Table 2 showed the experimental results prepared by different organosilanes in the presence of 

CTAB under the same conditions. In contrast, UD-SiO2  can be obtained by using UPTES as silane 

precursor under 0.01 g of CTAB. However, UD-SiO2 had poor dispersion and agglomeration. The 

corresponding SEM images showed in Figure 2 (e) and (f). At the same time, for TC-SiO2 and SH-

SiO2 preparede by  using TCPTES and MPTES as silane precursor, respectively, there were a little 

spheres in the samples, and had inhomogenous spheres and  inferior disperse (see Figure 2(a) and (b)). 

CN-E-SiO2  and CN-P-SiO2 obtained under CTAB were relatively monodispersed and uniform. 

   
(a)           (b) 

   
(c)           (d) 

   
(e)           (f) 

Figure 2.  SEM images of (a) SCN-SiO2,  (b) SH-SiO2,  (c) CN-E-SiO2,  (d) CN-P-SiO2, (e) and (f) UD-

SiO2 prepared under CTAB 
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4. Conclusion 

In summary, monodisperse organic functionalized silica micro/nano spheres have been prepared by 

one-step microemulsion reaction of organosilane including 

TCPTES、MPTES、CTES、CPTES、UPTES. The research showed that no particles were obtained 

from UPTES in the presence of SDS, however, ureido silica spheres with poor disperse could be 

prepared from UPTES in the presence of CTAB. At the same time, organic silica spheres prepared 

from CTES and CPTES had uniform particle size and monodispersity, while other organic silica 

spheres had poor disperse and nonuniform particle size under the presence of SDS or CTAB system.   

Acknowledgments 

The authors gratefully acknowledge the support of this research by the Hubei Natural Science 

Foundation of China (Grant no.2017CFB296) and Research Fund for the Doctoral Program of Wu 

Chang Institute of Technology of China (Grant no.2017BSJ04).  

References 

[1] Teng M M, Wang H T, Li F T, Zhang B R 2011 Thioether-functionalized mesoporous fiber 

membranes: sol-gel combined electrospun fabrication and their applications for Hg2+ removal. 

J. Colloid Interface Sci. vol 355,  pp 23-28 

[2] Liberman A, Mendez N, Trogler W C 2014 Synthesis and surface functionalization of silica 

nanoparticles for nanomedicine, Surf.  Sci.  Rep. vol 69, pp 132-158 

[3]  Sharma R K, Das S, Maitra A 2004 Surface modified ormosil nanoparticles. J. Colloid Interface 

Sci. vol 277, pp 342-346 

[4]  Deng T S, Marlow F 2012 Synthesis of monodisperse polystyrene@vinyl-SiO2 core-shell particles 

and hollow SiO2 spheres. Chem. Mater.  vol 24, pp 536-542 

[5] Yang Y, Liu J, Liu X, Yang Q H 2011 Organosilane-assisted transformation from core-shell to 

yolk-shell nanocomposites. Chem. Mater. vol 23, pp 3676-3684 

[6] Li J, Chen L X, Li X, Zhang C C, Zeng F L 2015 Hollow organosilica nanospheres prepared 

through surfacehydrophobic layer protected selective etching. Appl. Surf. Sci. vol 340, pp 126–

131   

[7] Han L, Chen Q R, Wang Y, Gao C B, Che S A 2011 Synthesis of amino group functionalized 

monodispersed mesoporous silica nanospheres using anionic surfactant. Micro. Meso. Mater. 

vol 139 pp 94-103 

[8] Liu B, Yan EW, Zhang X, Yang XL, Bai F 2012 A general method for the synthesis of 

monodisperse hollow inorganic–organic hybrid microspheres with interior functionalized 

poly(methacrylic acid) shells. J. Colloid  Interface Sci. vol 369, pp 144-153 

[9] Walcarius A, Etienne M, Bessiere J 2002 Rate of access to the binding sites in organically 

modified silicates. 1. amorphous silica gels grafted with amine or thiol groups, Chem. Mater. 

vol 14, pp 2757-2766 

[10] Walcarius A, Etienne M, Lebeau B 2003 Rate of access to the binding sites in Oorganically 

modified silicates 2. Ordered mesoporous silicas grafted with amine or thiol groups. Chem. 

Mater. vol 15, pp 2161-2173 

[11] Nozawa K, Gailhanou H, Raison L, Panizza P, Ushiki H, Sellier E, Delville J P, Delville M H 

2005 Smart control of monodisperse St ber silica particles effect of reactant addition rateon 

growth process. Langmuir, vol 21 pp 1516-1523 

[12] Zarabadi-Poor P, Badiei A, Fahlman B D, Arab P, Ziarani G M 2011 One-pot synthesis of 

ethanolamine-modified mesoporous silica. Industrial Engineering Chemistry Research vol 50 

pp 10036-10040 



6

1234567890‘’“”

AMIMA 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 382 (2018) 022077 doi:10.1088/1757-899X/382/2/022077

 
 
 
 
 
 

[13]  Burkett S L, Sims S D, Mann S 1996 Synthesis of hybrid inorganic–organic mesoporous silica 

by co-condensation of siloxane and organosiloxane precursors. Chemical Communications, vol 

11 pp 1367-1368 

[14]  Lee T G, Park J H, Oh C 2007 Preparation of highly monodispersed hybrid silica spheres using a 

one-step sol-gel reaction in aqueous solution, Langmuir vol 23, pp 10875-10878 

[15] Meng Z, Xue C V, Zhang Q H 2009 Preparation of highly monodisperse hybrid silica 

nanospheres using a one-step emulsion reaction in aqueous solution, Langmuir vol 25, pp 

7879-7883 


