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Prep aration and Characterization of Orga nic / Inorga nic Hybrid

Na nofibers
3
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A new class of nanocomposites based on organic and

inorganic species integrated at a nanoscale has obtained

more attention t hese years . Organic2inorganic hybrids have

bot h t he advantages of organic materials , s uch as light

weight , flexibility and good moldability , and inorganic

materials , s uch as high st rengt h , heat st ability and

chemical resist ance. In t his work , PVAc/ TiO2 organic2
inorganic hybrid was p rep ared by sol2gel p rocess .

Elect rospinning technique was used to f abricate PVAc/ TiO2

hybrid nanofibers . The st ruct ures and p roperties of t he

hybrid nanofibers were characterized by Scanning Elect ron

Microscopy ( S EM ) , Atomic Force Microscope ( A FM ) ,

Differential Scanning Calorimeter ( DSC ) and Fourier2
t ransform inf ra red ( F TIR) spect ra . S EM and A FM were

employed to s t udy t he topograp hy of t he hybrid nanofibers .

The chemical s t ruct ure of t he hybrid nanofibers were

examined by F TIR. The DSC scans revealed t he second

order t ransition temperat ure of t he hybrid materials were

higher t han PVAc.
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Int roduction

During t he last f ew years new materials having

nanop hasic morp hology where an organic p hase is st rictly

integrated wit h an inorganic one [ 1 ] . These new materials are

called hybrid nanocomposites. They are used to combine the

organic materials , such as light weight , flexibility and good

moldability , and inorganic materials , such as high st rength ,

heat stability and chemical resistance [2 ] .

A commonly used met hod f or obtaining t hese hybrid

nanocomp osites is in situ sol2gel p rocess , w hich allows t o

obtain inorganic domains , such as titanium oxide int o t he

p olymer network [ 3 ] . It involves a series of hydrolysis and

condensation reactions sta rting f rom a Tet rabutyl titanate

( TB T) as p recursor f or t he inorganic domain f ormation.

The use of suitable coupling agent permits t o obtain a

st rictly interconnected network p reventing macroscopic

p hase sep aration [ 4 ] .

Some PVAc/ TiO2 nanocomp osites have been rep orted.

However , among t hem , only t he gels or f ilms p roperties of

t hese were investigated. To our knowledge , t here is no

rep ort on t he p rep aration of t he nanof ibers of PVAc/ TiO2

hybrid nanocomp osite . In t his study , PVAc/ TiO2 organic2
inorganic hybrid was p rep ared by sol2gel p rocess [ 5 ,6 ] .

Elect rospinning technique was used t o f abricate PVAc/

TiO2 hybrid nanof ibers . Various met hods were used t o

characte rize t he st ructure and t op ograp hy of t he hybrid

nanof ibers .

Exp erimental

　　1 　Materials
PVAc wit h a molecula r weight 2 000 - 4 000 , supplied

by chemical reagent comp any , was used. The chemically

p ure of TB T was used as p recursor f or t he inorganic domain

f ormation. The et hanol and acet one were analytical grade .

Pure chemical et hanol2ammonia solution was used as t he

catalyst f or t he hydrolysis of TB T , p rep ared in t he

laborat ory.

　　2 　Preparation of PVAc/ TiO2 sols

A titanium dioxide sol was p rep ared by hydrolysis and

condensation by drop wise addition of et hanol2ammonia

solution t o TB T wit h st rong stir ring at room temperature .

Af ter t he above mixture reacted f or 5 h , t he titanium

dioxide sol was p rep ared. PVAc solution wit h a

concent ration of 15 wt % was p rep ared by dissolving t he

PVAc p articles in acet one . A certain amount of titanium

dioxide sol was drop wisely added int o t he acet one PVAc

solution , t hen reacted at room temp erature f or anot her

24 h . Thus , a milkw hite and t ransp arent sols of PVAc/

TiO2 hybrid comp osites was obtained.

　　3 　Preparation of f iber mats
The solution of PVAc / TiO2 comp osites was contained in a

plastic syringe. The pinhead was connected to anode and the

aluminium foil served as counter elect rode. A voltage of 12 kV

was applied to the solution and a dense web of fibers was

collected on the aluminium f oil [7 ] . The obtained fiber mats

were then dried f or the characterization.
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　　4 　Characterization of the hybrid nanof ibers
4. 1 　SEM

The PVAc and PVAc/ TiO2 nanofibers were observed

wit h a JSM - 5610 scanning elect ron microscope (S EM ) ,

w hich was used t o examine t he morp hology of t he

nanof ibers .

4. 2 　AFM

A FM observations were made on t he PVAc and

PVAc/ TiO2 f ilms cast on a metal subst rate . Benyuan CSPM

4 000 At omic Force Microscop e ( A FM) was employed t o

image t he morp hology of t he film surf aces . Scanning was

car ried out in contact mode A FM wit h a silicon cantilever .

All images were obtained at ambient conditions .

4. 3 　DSC

Diff e rential scanning calorimeter ( DSC )

measurements were car ried out using a N ET ZS H DSC 200

F 3 t hermal analyzer . The exp eriment began by heating t he

sample f rom - 5 t o 200 ℃, using a heating rate of 10 K/

min. The measurements were made in t he nit rogen

at mosp here .

4. 4 　FTIR

Fourie r2t ransf orm inf rared ( F TI R ) sp ect ra were

obtained f rom Nicolet Nexus A TR - F T - I R , in w hich

samples were p alletized wit h KBr p owder . The scanning

rate was 64 and t he resolution was 4 cm - 1 , using simple

p oint ref lect .

Res ult s and Dis cus sions

　　1 　Morphology
The S EM images in Fig. 1 show t he f ibrous web

collected on t he nonwoven subst rate . The examination

reveals t hat t he diameters of t hese f ibers are in t he

nanoscales . The f ibers are randomly dist ributed and

oriented on t he collect or .

Surf ace morp hology of t he hybrid material has also

been studied by S EM and A FM , resp ectively. The p ure

PVAc nanof ibers and PVAc/ TiO2 hybrid nanof ibers are

show n in Fig. 1 . It can be seen t hat bot h PVAc nanof ibers

and t he hybrid nanof ibers surf aces are quite smoot h and

unif orm. It is observed t hat t he diameters of t he hybrid

nanof ibers are between 500 and 1 000 nm , t he extent of

PVAc nanof ibers are 700 - 1 200 nm. So t he f ormer is

t hinner t han t he later on t he w hole . This may be at t ributed

t o t he decrease in surf ace energy.

A FM observations clearly reveal t he change in surf ace

morp hology bef ore and af te r hybridization. The A FM

image in Fig. 2 (a) shows t he relatively smoot h f ilm surf ace

wit h air holes . The diameter of air hole f rom 20 t o

200 nm , no obvious rule . The PVAc/ TiO2 hybrid f ilm in

Fig. 2 (b) shows t he rough and densif ied surf ace wit h

clearly recognized nanop articles st ructures [8 ] . The average

p article diameter of t hese nanop articles are about 40 nm.

Fig. 1 　The S EM images of (a) , (c) pure

PVAc nanof ibers 700 - 1 200 and ( b) ,
( d) PVAc/ TiO2 hybrid nanofibers

　　2 　FTIR analysis
The F T2I R sp ect ra obtained are show n in Fig. 3. The

peak at 2 925. 33 is at t ributed t o C —O vibration. The p eak
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Fig. 2 . 　Surf ace morp hology of t he p ure PV Ac a nd

PVAc/ TiO 2 hybrid film in A FM

at 1 021 . 10 and 1 121. 60 cor resp onds t o t he C —H

vibration. The peak at 683. 23 is the vibration of Ti —O. Both

the hybrid comp osite and PVAc show a characteristic ester

absorption band at 1 733. 40 cm - 1 (characteristic of —CO —

O —) , but the hybrid composite peak is lower than the pure

PVAc . It could be the f ormation of C —O —Ti induce the

reduce of —CO —O —. The st rong absorption peak at

1 234. 11 cm - 1 indicates that there is a significant number of

C —O groups due to the new condensation reaction.

Fig. 3 　F T2I R spect ra of PVAc/ TiO2

nanocomp osites and p ure PVAc

3 　DSC analysis
The DSC t hermograms of t he p ure PVAc and PVAc/

TiO2 nanof ibers samples are p resented in Fig. 4 . It reveals

t hat Tg of t he sta rting p oint of PVAc is 36. 7 ℃, and t he

hybrid f ibers are 39. 0 ℃. Tg is enhanced of 2. 3 ℃

comp ared wit h p ure PVAc. It can be deduced t hat

interaction of hydrogen bond or ot her coordinate bonds

between TiO2 i norganic network and p olymeric organic

network have f ormed af ter sol2gel p rocess , rest ricting t he

t hermal action of macromolecules , increasing t he rigidity

of macromolecular chain and t hen enhancing t he energy

needed by p olymeric chain movement and breakage [9 ,10 ] .

Fig. 4 　The DSC grap hs of pure PVAc and PVAc/ TiO2

Conclusion

PVAc/ TiO2 organic2inorganic hybrid was p rep ared by

sol2gel p rocess . PVAc/ TiO2 hybrid nanof ibers were

f abricated by elect rospinning. PVAc/ TiO2 hybrid solutions

were made in solvent mixtures of et hanol/ acet one . The

S EM examination reveals t hat t he diameters of t hese hybrid

f ibers are in t he nanoscales . The A FM observations

indicate t hat t he hybrid nanocomp osite has rough and

density st ructure . The F TI R analysis detects t he st rong

absorp tion peak at 1 234. 11 , w hich indicates t he addition

of C —O , and it is likely t o f orm C —O —Ti . The DSC

scans reveal t hat t he second order t ransition temperature of
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t he hybrid material is higher t han PVAc , w hich indicate

t he f ormation of new substance .
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