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Preparation and Characterization of Hydrophobic 
Modified Silica Film via Sol-Gel Process 

KYUNG HWAN YOON and MAHN WON KIM 

Department of Physics, Korea Advanced Institute of Science and Technology, 
Daejon 305-701, Korea 

Kepvon&: silica thin film, hydrophobic; surfice h e  energy; contact angle 

INTRODUCTION 

Manic modified silica ooatings on various substrates have widely used in 
indushy In these applications, surfice cuts (e.g we!ttability and 
d a c e  functional groups) are important to goto fidherpmcases (deposition 
of other materials, e.g metal and polymer) or check to do their own functions 
(eg  hydrophobicity in water repellant Coating. We made silica f h s  with 
different ratios of m e t h y l ~ x y s i l a n e  in t&aethyloxttxxdim. contact 
angla were used fbr calculating surfkce fke enerBy and correlating with 
surface characteristics of films. 

EXPERIMENTAL 

Methyltrimethoxysilane (MTMS, A l d d ~ ,  95%), Tetraethylorthosilicate 
(TEOS, ACIDS, W?), 2-propan01 (PA, Merck, 99.7??), l-butanol (Aldrich, 
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99.5%), Hycirochloric acid (HCl, Junsei, 35%), Ammonium hydroxide 
(NH4OH, Aldrich, 28-30??) and double distilled water were used without 
further punfication We used a 2-step acid-base method fbr preparing coating 
so~utionsp]. The explerimental proced~re was as ~ U O W .  Firsf mixed the 
foUowhg ratio, MTMS+TEOS : H a  : P A  : HCI = 1 : 2 : 3.8 : 0.00073, then 
heated the solution fbr 90 min. at 6OC. Second, mixed 10 ml of the first 
solut.ion with Iml of 0.05 M WOH Finally, after aging fbr 1 day, diluted 
with 1-butanol. The solution was spin-coated on cleaned Si d e x .  The coated 
sample was heated to 300C. contact angle was measured by Erma contact 
angle goniometer. 

RESULTS AND DISCUSSION 

Figure 1. Contact angles for silica films 
Fig.l showed the contact angles of prepad silica films. The methyl group 
coverage of the film susfitce seemed not to be abruptly increased above 50 % 

unpolymerkd fiulctional groups (e.g. silanol and akoxy groups) can be 
exposed on the film sznface. Surfice fiee energies of the films were calculated 

interaction theod4] has tmn used to determine the mi ice  iiee energy 
parameters, r s w & i - v a n  dex Waah interactions comprising dispenion, 
orientation and induction hrces), 7.' (acidic tam), and y;(baSic tam) in sevaal 
studies on silica surface~''-~. From the following equations, surfitce h e  enagy 
parameters are calculated. 

MTMS because MTMS has three &oxy groups that c8n be polymerized and 

by W-, ethylene glycol, and diiodomethane contact angles. Acid-base 
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PREPARATION A N D  CHARACTERIZATION OF SILICA FILM 367 

D, EG, and W denote diiodomethane, ethylene glycol, and watex. The 
combination of the acidic and basic tenns produce the acid-base component of 
the surtilce iixx energy, ySm = 2 (y;y"Y. 

Table 1. Surfitce tension components fbr hybrid films 

38.71 42.69 

0.29 2.97 30.46 

0.005 5.39 0.33 26.03 

plMished&la(Lcmgnnur, 12,1681 (1996)) 

In table 1, weknewthatthe basic term oftotal surfirce fiee mxgywas more 
sensitive than the acidic term of that. It is depicted graphically in Fig. 2. 

0 o------o 
o i ~ ~ ) m m o ( w  

(5) 

Figure 2. Surfiice energy components for modified silica films 

It can be explained by two reasons: the increase of srrrfitce methyl group 
covgdge and the intmction between pmbe liquids (water, diiodomedme, and 
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ethylene glycol and mer-admhed silica surface. It is well agreed with 

silanol and alkoxy grwps. The lone pair electron of oxygen in unpolymerized 
functional groups (e.g. silanol and akoxy groups) is f m d  to play an important 
role in determining the basic term. These functional groups seem to be 
considered as acidic (electron accepting) sites, but the adsorbed water 
moIecuIes on the silica film & cannot be excluded in this case~l. water 
molecules can hrm the hydrogen bond with the surface silanol and alkoxy 
groups ilol. So the basic (electron donating) term change in the d a c e  fiee 
energy of the silica films is resdted fiom the intemctian between the electron- 
donating water-adsorbed s ica  surface and probe liquids (water, 
diiodomethane, and ethylene glycol). 

literature datap I' that increasing the MTMS c o r n  dec.aeases the surfice 

CONCLUSION 

We made hydrophobic modified silica films via sol-gel process. From the 
contact angles of three dflkrent liquids (water, diiodomethane, and ethylene 
glycol) on silica surfaces, the surfitce fke energy terms based on tacid-base 
interactions were calculated. The decreasing basic terms can be explained by 
the increased methylbimehoxysilane content and the interaction between the 
adsorbed water molecules and probe liquids. 

REFERENCES 

1. T. Yoneda, T. Morimoto, 7hin solidjlms, 351,279 (1999) 
2. T. Monde, H. Fukube, F. Nemoto, T. Yoko, T. Konakhaq 71un mld$h,  
246,54 (1999) 
3. S.V. Nit@ V. Pisupatti A Jain, PC. Wayne, Jr., W.N. Gill, and Plawsky, J.  
Vm. Sci. Echnol. B, 17,205 (1 999) 
4. C.J. van Oss, M.K. Chaundhq, RJ. Good, Chem. Rev 88,927 (1 988) 
5. L. Holysz, Colloids Su@mes A, 134,321 (1998) 
6. L. Holysz, J. MufeE Sci., 33,445 (1998) 
7. Bilinski B, J. Colloid Znterjme. Sci., 201, 180 (1998) 
8. C.D. Volpe, S. Dire, E. Pagani, J Non€rysZ. Solids, 209,51(1997) 
9. L.J.M. Schlangen, L.K. Koopal, MA &hen Stuarf J. L y k l q  cbuovdr 
SudmesA,89, 157 (1994) 
10. AG. Grivtsov,L.T.Zhuravlev,G.A Gerasimova,L.G. Khaztn,J Coliind 
Znterjw. Sci., 126,397 (1988) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

25
 1

5 
A

ug
us

t 2
01

2 


