
     

  

  

  7   4  1397  

51  

  

  DMOAP          

  TMOS 

 
1*

  
2

  
3

  

1                  
2                    

3             

* ahmadi@iau-saveh.ac.ir 

 :    :  

 :28  1397    

 :27  1398    

    

 :    

 TMOS DMOAP 

  –   

  

                        TMOS 

      -      -         .       

          ) TMOS (        

          ) 3-)     (   (    

)DMOAP (                    

     .                 

 DMOAP /TMOS  ) 2-0(    .       TMOS :MeOH :

H2O :CH3COOH      1 :15 :4 :2      .         

  DMOAP /TMOS   .            

TMOS            )Fe-SEM(     

  )AFM(      ) FT-IR (   ) STA (   .

              ) CA (      – 
  )UV-VIS (     .        DMOAP       

TMOS                        

  .  

  

1-   

              

   .              

             

       -         

                  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


          ...   

 

52    7     4    1397  

 

                   

   ] 21[.              

    .           

 –               

)          (    

          ]3[ .S. S. Latthe  

 ]4[             

TMES/ TMOS)    8/3 (    

        93 %  57 %    

 .   D.Y. Nadargi   ]5[ 

    ) TMCS (      

     ) TMOS (    

   .          

   6/0  4/1   TMES/ TMCS   

120    .       -     

 ) ISO- OTMS (       

        ) ETES (    

    6/0  ISO- OTMS/ ETES 

                  

 100   ]6[.  

     -   –-   -3-

        
1

) DMOAP (  

          

)TMOS (  .          

           

   . 

  
1 N-N-Dimethyl-N-octadecyl-3-amino propyl tri methoxy 
silyl chloride 

2-     

       ) Merk 99%>(  

  ) 3-)      ( (  

 ) Sigma Aldrich 42 (%  )Merk 99%>( 

 ) Merk 99 (%        

   .  

        –       

     .       

         

            .      

                

 mm1×15×30    10         

                 

   URL        ûC110 

   .           

               

       ) 3-)     

 ( (        

         .         

TMOS :MeOH :H2O :CH3COOH    

 1 :15 :4 :2        DMOAP/ 

TMOS  ) 2-0(     . .      

       1    .  

        4     

  .              

 mm/s 5             

    24         )ûC 27 ( 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


     

 

  7     4    1397  53  

 

     .          

           ûC140  

 °C/min 1     memmert   500 

UFB   .              

        .  

 1-          

 
TMOSDMOAPMeOHH2OCH3COOH

M0 1 0 15 4 2 

M1 1 1/0 15 4 2 

M2 1 2/0 15 4 2 

M3 1 3/0 15 4 2 

M4 1 4/0 15 4 2 

    ) CA (    

Contact Angel system OCA  detapHysics 

  .           

      ) FT-IR(  

 
1-cm4000 – 400      

Spectrum RXI  Pekin Elmer   

        –    )UV-VIS (  

 Spectrometer 25 Lambda  Pekin 

Elmer       

          )Fe-SEM (

 MIRA\\ TESCAN        

)AFM ( CP       Park Scientific 

instruments     .       

        

            STA 

  STA  1640- PL-STA   

                 

      .     

       °C 1200     °C/min10  

    .  

3-     

3 -1-     

   –            

             

               

     .          –  

      .  

                 SiO2 

                 

)4)OR(Si (           

             

TMOS           OCH3 

              

Si(OH)4            

   SiO2   .  

               –     

          SiO2  

     1  3     :  
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


          ...   

 

54    7     4    1397  

 

H2O+ OCH3–Si  OH–CH3 +OH–Si 1(    

Si–HO + OH–Si  H2O + Si–O–Si 2(    

Si-HO+ OCH3-Si  OH-CH3 + Si-O-Si 3(    

  
  

   –             

                    

    Si – OCH3  Si – OH   

   .  

               

         

)               

               SiO2 

        (.        

              SiO2     

           –        

    .           

    3)OR(R'Si        R'   

        

               

  . R'   4)OR(Si/3)OR(R'Si 

      

3NR'2)CH2(3Si)OR (       

             

                

 ] 7  8.[  

3 -2 -    DMOAP 

/TMOS     

                 .

              

 4   ]1  9[:  

4(    ]LV) / SL–SV = [(Cos flat  

flat :    

SV :     -   

SL :     -   

LV :     -   

Wenzel             

   5   :  

5(     rCos flat]=LV)/SL–SV[(r=Cos rough  

rough :      

r : )     r=1        

      (.  

                   

        Cassie–Baxter 

   .        6 

   .            

 180   ]1  9[:  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


     

 

  7     4    1397  55  

 

6(  Cos rough=FCos flat+(1-F) Cos180º= 

FCos flat+F-1  

F :         .  

        

DMOAP/TMOS   1     .

         DMOAP 

      4/0          

       .  

  
 1-        DMOAP /TMOS  

        DMOAP 

/TMOS   2          

       2      

 .       TMOS  

   °32/53   .    

     ) OH (   

           

]5  11[ .   DMOAP    

     -     

               

      ) OH (  

         

17CH3)CH2(2)CH3(3N)CH2(O-Si-   

        .  

   3      .      

 DMOAP /TMOS          

            

           .    

 DMOAP            

              

)   (  )  ( 

          3/0   

               

42/83     .  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


          ...   

 

56    7     4    1397  

 

  
 2-              DMOAP /TMOS  

 2-            DMOAP /TMOS  

     DMOAP /TMOS   )(     )( 

M0 0 32/53 365 

M1 1/0 68/75 365 

M2 2/0 70/77 365 

M3 3/0 42/83 15 

M4 4/0 03/88   

  
 3-                

                    

  DMOAP /TMOS        

    4/0     

           

                

        ) OH (    

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


     

 

  7     4    1397  57  

 

             

     4/0   .  

    4/0          

       ]5[.  

   °30       M3) °42/83 ( 

   ) °32/53 (    

       TMOS       

 FTIR  AFM           

           .  

3 -3-   FTIR  

                

     FT-IR       

KBr     . 4  FTIR   

M0 M3  M4  .   M0   

    
1-cm 3400   

1-cm 1716 

   -OH  Si- OH   .  

DMOAP                

)       M3  M4(       
1-cm2859   

1-cm2931  
1-cm 2943)           M3  

M4(      
1-cm1477 

1-cm1479)    

    M3  M4 (           

        C-H  N-CH2 

  .        
1-cm806  

1-cm812)  

    M3  M4 (               

          Si-C 

 .     
1-cm1066)  

   M3  M4 (        

Si-O-Si ] 4 5 6 11  13 .[     

1-cm1066) Si-O-Si (         

   .]14[  

  
 4-  FTIR     DMOAP/TMOS 

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


          ...   

 

58    7     4    1397  

 

   Si-OH           

   –OH       M0   

       DMOAP     

          )     M3 

 M4 (   .     

  
1-cm 3400    

1-cm 1716   

    .          DMOAP 

/TMOS      .            

  C-H  
1-cm 2859 

1-cm 2931    

1-cm 1477     Si-C  
1-cm 806    

1-cm 812     .         

  H     Si-OH        

             

    .  

3 -4-     

              

             

    DMOAP/TMOS      

AFM   Fe-SEM   5     

 3       ) M0 (   

)M3  M4 (    .     AFM 

               

)Ra (  ) M0 ( nm 2793/0    

   DMOAP        

 nm7523/2  nm 1073/5         

M3  M4    .            

    DMOAP/TMOS     

) Ra (   .           

              

  .         ) Ra ( 

        M4     

           M3  

    .  

  Fe-SEM    ) M0 ( 

 ) M3  M4 (          

      .      

 DMOAP              

              

        .      

  DMOAP        

 ]12[.  

 3-  AFM      M0 M3  M4  

  
    

(Ra-nm) 
 

32/53 2793/0 M0 

42/83 7523/2 M3 

03/88 1073/5 M4 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


     

 

  7     4    1397  59  

 

  

  

0  

 5-    AFM   Fe-SEM   M0 M3  M4  

 

M4 

M3 

M0 

500 nm

500 nm

500 nm

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


          ...   

 

60    7     4    1397  

 

3 -5-     

               

              

    .              

               .

              

           

             

)   (            .

                

      100     ]15[.   6 

       M3      

      700-300     .

             

 5/91 %         7/89 % 

M3            

M3  .            

     nm 100   .  

  

 6-           )nm700-300 (  M3   

3 -6-     

              

     ) STA (     

 7    .           

      ûC 200        

          DTA     

      .      ûC 420 

   DTA            

 30 %   ûC ) 600-200 (   

TGA               

     DMOAP    .    

                 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


     

 

  7     4    1397  61  

 

         

DMOAP      ûC 200   

                

    ûC 220          .

                

 °C 200  .  

  

 7-  TGA   DTA M3) 3/0=DMOAP/TMOS(  

4-   

-           DMOAP     

 TMOS   . 

-              3/0 

   32/53  42/83   

               

         .  

-  FTIR            C-H   

1-cm 2859 
1-cm 2931  

1-cm 1477   

  Si-C  
1-cm 806  

1-cm 812  

  .             H 

   Si-OH             

             

    .  

-      DMOAP /TMOS   

  ) Ra (           

         . 

-               5/91 % 

     7/89 %  3/0 

            

M3  .            

      nm 100   .  

-        ) STA(  

            °C 200 

 .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html


          ...   

 

62    7     4    1397  

 

  

[1] Akira Nakajima, Kazuhito Hashimoto, 
and Toshiya Watanabe, Invited Review 
Recent Studies on Super-Hydrophobic 
Films,J. Monatshefte fuÈ r Chemie 132, 
(2001), 31-41. 

[2] Minglin Ma, Randal M. Hill, 
Superhydrophobic surfaces, J. Current 
Opinion in Colloid & Interface Science 
11 (2006) 193–202. 

[3] Divya Kumar a, XinghuaWua,b, 
QitaoFua, Jeffrey WengChye Ho a,b, 
Pushkar D. Kanhere b, Lin Li c, Zhong 
Chen” Hydrophobic sol–gel coatings 
based on polydimethylsiloxane for self-
cleaning applications” Materials and 
Design 86 (2015) 855–862. 

[4] Sanjay S. Latthe, Digambar Y. Nadargi, 
A. Venkateswara Rao” TMOS based 
water repellent silica thin films by co-
precursor method using TMES as a 
hydrophobic agent” Applied Surface 
Science 255 (2009) 3600–3604. 

[5] D. Y. Nadargi, J.L. Gurav, N. El Hawi, 
A.V. Rao, M. Koebel” Synthesis and 
characterization of transparent 
hydrophobic silica thin films by single 
step sol–gel process and dip coating” 
Journal of Alloys and Compounds 496 
(2010) 436–441. 

[6] MaedehRamezani, Mohammad Reza 
Vaezi, AsgharKazemzadeh”The 
influence of the hydrophobic agent, 
catalyst, solvent and water content on the 
wetting properties of the silica films 
prepared by one-step sol–gel method” 
Applied Surface Science 326 (2015) 99–
106.  

[7] N.H.using, U.Schubert, “Aerogels”, 
Wiley, pp.1-27, (2005). 

[8] I.M.El-Nahhal, N.M.El-Ashg, “A review 
on polysiloxane-immobilized ligand 
systems: Synthesis, characterization and 
applications”, J.Organometallic 
Chemistry, 692 (2007) 2861–2886 

[9] A.Nakajima, K.Hashimoto, and 
T.Watanabe, “Invited Review Recent 

Studies on Super-Hydrophobic Films”, 
J.Monatshefte fur Chemie, 132 (2001) 
31-41 

[10] A.I.Ranka, P.V.Mehta, “Organosilicon 
Compounds”, Patent Application 
Publication, US2008/0009644A1, pp.1-8. 

[11] Satish A. Mahadik, Vinayakparale, Rajiv 
S. Vhatkara, Dinesh B. Mahadik, 
Mahendra S. Kavale, Pratap B. Wagh, 
Satish Gupta, JyotiGurav” 
Superhydrophobic silica coating by dip 
coating method” Applied Surface Science 
277 (2013) 67– 72. 

[12] MaedehRamezania, Mohammad Reza 
Vaezi, AsgharKazemzadeh” Preparation 
of silane-functionalized silica films via 
two-step dipcoating sol–gel and 
evaluation of their superhydrophobic 
properties” Applied Surface Science 317 
(2014) 147–153. 

[13] Guojian Wang, Jiayun Yang, Quan Shi” 
Preparation of transparent 
ultrahydrophobic silica film by sol–gel 
process” J. Coat. Technol. Res., 8 
(2011)53–60 

[14] X.Zhang, W.Wu, J.Wang, X.Tian, 
“Direct synthesis and characterization of 
highly ordered functional mesoporous 
silica thin films with high amino-groups 
content”, J.Applied Surface Science, 254 
(2008) 2893–2899 

[15] L. Xu, R.G. Karunakaran, J. Guo, S. 
Yang, Transparent, superhydrophobic 
surfaces from one step spin coating of 
hydrophobic nanoparticles, Appl. Mater. 
Interfaces 4 (2012) 1118–1125. 

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

6-
21

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.4.4
http://ijcse.ir/article-1-653-en.html
http://www.tcpdf.org

