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Abstract.  
 
 Recently, beside of unique piezoelectricity, biodegradability functionalized regenerated 

cellulose by chemical modification has much attentions due to its unique material properties. The 
synthesis of cellulose–amino functionalized polyhedral oligomeric silsesquioxane (POSS) 

materials via sol-gel covalent crosslinking process in presence of amino coupling agent was 

investigated. Tetraethoxsilane (TEOS) as precursors and γ-aminopropyltriethoxysilane (γ-
APTES) as coupling agent were used in the sol-gel process. The chemical structure of cellulose –

amine functionalized bonding and covalent crosslinking hybrid is confirmed by FTIR spectral 

analysis. Above 90 °C, ONPS and silica and mixed homogeneously by cross-linking reaction 
between the organic polymer and inorganic oxides through chemical covalent bond process 

results in the transparent polymer hybrid nanomaterials.  
Keywords: Cellulose, silica, organic-inorganic materials, POSS-amine, sol-gel process, 

covalent bonding 

 
 
1. Introduction  
The number of organic–inorganic hybrids could be prepared by sol–gel process, which has 
proved to be a very good opportunity for the synthesis of variety of organic–inorganic hybrid 

materials at macro or micro-scale even at molecular level. The sol–gel process is a chemical 

synthesis method initially used for the preparation of inorganic glasses. Due to its mild reaction 
(i.e. low reaction temperature) allow to incorporate an inorganic component into organic 

materials. Thus, the sol–gel process appears to be very convenient for the synthesis of organic–

inorganic nanocomposite materials. The organic–inorganic materials very interesting to 
determine size and shape of the inorganic nanomaterials with controlled pore size and well 

defined nanostructure materials. Therefore, the preparation of inorganic nanomaterials that 

possesses desired properties is a great challenging task. Usually water or traditional organic 
solvent are involved in the synthesis of inorganic nanomaterials. Each of the synthetic routes 

with these solvents has advantages and disadvantages, and new synthetic routes with other 

solvents are still necessary to be developed in view of both fundamental and industrial 
applications (Chen  et  al 2008).  
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          Cellulose is the primary component providing strength to wood and other plant structures. 

Recently, cellulose based material has received much attention due to its unique material 
functionalities as sensors, actuators as well as electronic applications (Yun et al 2009). Even, it 

has been considered as a promising substrate for printed electronics. However, cellulose itself 

has an insulating property; there is a hurdle to overcome for electronic usage due its insulating 
properties. Similar to silicon which is abundant semiconductor material, polymer based 

functionality modifying process have been paid much attention for potential flexible electronics. 

As a result, there are number of studies on preparing the cellulose-polymer composites for 
thermal, mechanical and morphological properties of polymers (Holt et al 2010). In recent years, 

the polyhedral oligomeric silsesquioxanes (POSSs) are smallest silica nano-particles, have 

attracted considerable attention for materials properties. The POSS molecule is a monodisperse 
well defined cubic nanoparticle consisting of rigid, single-crystal silica cores with eight vertices 

(opposing vertex body diagonal ¼ 0.53 nm) to which are appended organic functional groups 

attached for inorganic sphere like molecules (0.5 to 2.0 nm) in diameter and with volumes (<2 to 
3 nm) (Choi et al 2001). It can be easily functionalized with a wide variety of organic groups 

such as –NH2, –SH, –OH and –COOH and can be incorporated into polymer systems via 

polymerization, grafting, blending, and so forth, improved the polymer properties (Brick et al 

2005). The cellulose molecular and nano-silicon dioxide particles with organic groups need to be 

further modified the properties of the cellulose/silica hybrid biomaterials are synthesized by sol–

gel crosslinking process. Therefore, the present study is for synthesis of cellulose-POSS-amino-
silica hybrid nanomaterials by sol-gel method TEOS and γ-aminopropyltriethoxylsilane (γ-

APTES) were selected as coupling agent. The chemical and surface morphological structures of 

cellulose based nano-composites, thermal and optical transparency properties of the organic-
inorganic hybrid materials are characterized. 

 

 

2. Experimental details 
 

The synthesis of octa phenyl silsesquioxane (OAPS) is required for starting materials. The 

required chemicals were used for the synthesis of POSS materials: N,N-dimethylacetamide 
(DMAc), N,N- dimethylsulfoxide (DMSO) triethylamine and some of coupling chemicals used 

for sodium acetate was procured from Aldrich Chemicals. The cotton pulp (Buckeye), Lithium 

chloride in presence of sulfuric acid process  used to prepared cellulose solution, TEOS, and γ-
APTES, hydrochloric acid (HCl) (sigma Aldrich, South Korea) and other chemicals and solvents 

purchased from Junsei chemicals (South Korea) are used to synthesis of cellulose-POSS-silica 

materials by sol-gel process. Then, octa (nitro phenyl) silsesquioxane (ONPS) was synthesized 
by sol-gel process shown in Fig. 1.  



Figure 1
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Figure 2
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materials in the matrix. Therefore, the POSS-amine is bonded to cellulose molecule and also 

silica from γ-APTES and TEOS bonded by sol-gel process.  
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(a)                                                                                       (b) 

Figure 3. FTIR data of synthesis of (a) cellulose-silica and (b) cellulose-POSS-silica by sol-gel 

process. 

 

From Fig. 3(b), FTIR spectrum indicate that 3413 cm-1 (broad NH bonded) and 2933 cm-1 (C-H) 

starching frequency, 1611 cm
-1 

(CH) 1029-1100cm
-1

(Si-O-C) and (Si-O-Si) bonded to cellulose-

POSS materials via γ-APTES is confirmed by FTIR results. 
 

 

3.2. Formation of cellulose –POSS-Silica hybrid nanomaterials 

     The micro phase compatibility has a great influence in the morphology changes of the hybrid 

materials due to have an association with thermal, optical and mechanical properties. In order to 
find the distributions of silica particles are prepared via sol-gel process microstructure of the 

fractures surface was observed and a transparent hybrid material was obtained. Fig. 4 shows 

optical images of cellulose-POSS-amine-silica hybrid namomaterial by sol-gel process under 
different temperature conditions. Data resulted from the experiments, the γ-APS are active only 

at above 50 °C induces the transparent hybrid formation and below 50 °C only turbid materials 
were resulted or particles are agglomerated (Tamiki et al 1999). For the preparation of 

transparent hybrid, favorable experimental conditions are between 60 °C and 90 °C in the 
presence of γ-APS. 
 

    

(a)                                                                 (b)             

Figure 4. Optical images of cellulose- POSS amine- silica hybrid nanomaterials by sol-gel process 

under temperature of (a) 60°C and (b) 90°C. 
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4. Conclusions  

 Cellulose based organic-inorganic polymer hybrids incorporated into ONPS utilizing Michael-
addition reaction through sol-gel method using γ-aminopropyltriethoxysilane (γ-APTES) as a 

cross linking agent was studied. The synthesis of cellulose–amino functionalized polyhedral 

oligomeric silsesquioxane (POSS) materials via sol-gel covalent crosslinking process in presence 
of amino coupling agent were performed with tetraethoxsilane (TEOS) as precursors and γ- in 

the sol-gel process. The polymer hybrid shows better optical transparency and improved thermal 

stability compared to cellulose and silica materials. The yellowish and transparent hybrid 

cellulose was formed between ONPS and silica depends on the weight of polymer and γ-APS 

and suitable experimental conditions. At above 90 °C, ONPS and silica and mixed 
homogeneously by cross-linking reaction between the organic polymer and inorganic oxides 

through chemical covalent bond process resulting in the transparent polymer hybrid 
nanomaterials.  
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