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 , Å 
 l 1-O1) l(Si1-O1) l(Si1-O2) l(Si1-O3) l(Si1-O4) l(Si2-O2) l(Si2-O5) l 2-O5) 

Si(OH)4 0.964 1.655 1.655 1.655 1.655 – – – 
Si2O( H)6 0.964 1.657 1.646 1.662 1.649 1.652 1.653 0.964 
Si3 2(OH)8 0.964 1.653 1.658 1.653 1.637 1.638 1.666 0.964 
Si4 3(OH)10 0.964 1.642 1.645 1.641 1.632 1.641 1.648 0.964 
Si5 4(OH)12 0.964 1.648 1.633 1.657 1.677 1.639 1.642 – 
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 2. ,  
 

  ( ) 
 Si(OH)4 Si2O( H)6 Si3O2 H)8 Si4 3(OH)10 Si5 4(OH)12 
1 0.389 0.389 0.398 0.396 0.406 

O1 –0.744 –0.652 –0.660 –0.699 –0.829 
Si1 1.420 1.242 1.278 1.242 1.213 
O2 –0.744 –0.564 –0.579 –0.468 –0.309 
O3 –0.744 –0.792 –0.712 –0.696 –0.818 
O4 –0.744 –0.768 –0.796 –0.874 –0.601 
Si2  1.308 1.099 0.984 0.457 
H2  0.390 0.379 0.366 – 
O5  –0.703 –0.705 –0.468 –0.549 
O6  –0.715 –0.539 –0.520 –0.484 
O7  –0.775 –0.773 –0.542 –0.601 
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Si(OH)4 48.97 53.02 9.29  9.3 [9] 
2Si(OH)4 43.35 47.15 8.26  
Si2O7H6 46.15 45.44 7.96  
Si2O6H4 30.17 32.18 5.64  

Si3O10H8 (inside) 48.94 51.03 8.94  
Si3O10H8 (outside) 47.15 58.18 10.19  
Si4O13H10 (inside) 40.86 47.74 8.36  
Si4O13H10 (outside) 42.57 58.30 10.22  

Si5O14H12 36.02 35.84 6.28  
Si8O16H8 36.68 41.25 7.23  
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Quantum chemical simulation of silica surface protolytic equilibrium 
 

A.A. Kravchenko, E.M. Demianenko, A.G. Grebenyuk, V.V. Lobanov 
 

Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine 
17 General Naumov Str., Kyiv, 03164, Ukraine, kravchenkoandrew7@gmail.com 

 
A quantum chemical analysis of silicic acid oligomers structure has been carried out by density 

functional theory method with use of extended basis set (6-31++G(d,p)). Dissociation constants of 
hydroxyl groups have been calculated for molecules containing from one to eight silicon-oxygen 
tetrahedra. The stepwise increase in their number in oligomers has been found to result in a decrease in 
the constant value for silanol group deprotonation. 

Keywords: quantum chemistry, density functional theory method, silica surface, protolytic 
equilibrium, dissociation constant 
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