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Abstract: The hydrogen exchange reaction mechanism between H,O and — OH of surface of
Li, SiO, ceramic has been investigated using hydroxyl of (CH;);SiOH as a simple model of hy-
droxyl of surface of Li,;SiO, ceramic. The structures of (CH,),SiOH, H,0O, (CH,);SiOH—
H,O complexes and transition states of hydrogen exchange reaction have been optimized at
HF/3-21G, HF/6-311G+ +**, and MP2/6-311G+ +** levels. The association energies of
(CH;);SiOH—H, O and the path of hydrogen exchange reaction have also been explored. The
results show that two of associate complexes can be formed, the O of H,O interact with the H
of hydroxyl of (CH;);SiOH to form one complex and the another complex is formed by the in-
teraction between the H of H,O and the O of hydroxyl of (CH,),;SiOH. At HF/6-311G++ "~

and MP2/6-311G++* " levels, the association energies after basis set superposition error cor-
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rection of two complexes above are 18. 016 1, 18.816 6, 20. 046 5, 21. 630 7 kJ/mol, respec-
tively. The favorable path of hydrogen exchange reaction is as follow: first, the H of H,O in-
teractes with the O of hydroxyl of (CH;);SiOH to form associate complex, second, 4-mem-
bered ring transition state consisted of O, from H,O, H, from H,O, O, from (CH;),SiOH,
Si, from (CH,);SiOH is formed, third, the formation of new O—Si bond and the break old
O—H bond lead the new (CH,);SiOH to be formed, at the same time, the new H,O is formed
resulting in the rupture of old O— Si bond and the formation of new H— O bond. At HF/6-
311G+ +*" and MP2/6-311G + +** level, the activation energies of this path are
232.905 3 kJ/mol and 186. 898 4 kJ/mol with counterpoise correction.
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Fig. 1 Structures of (CH;);SiOH, H,O and (CH;);SiOH—H, O complexes

H3)3SiOH; b H: O 0O, (CH3)3SiIOH H

((CH3)3SiIOH—H;0O complex in which H;O is proton acceptor) ;

d—H,0 H,(CH;3)3;SiOH O ((CH;3)3SiOH—H;O complex in which H,O is proton donator)
1 (CH;)»3;SiOH, H,0O . N
Table 1 Geometrical parameters, atomic charges, bond overlap populations and energies for (CH;);SiOH and H,O
(Bond (Bond angles)/ ) ) (Bond
, ; 10%° (Charges)/ C (Energies) / (k] » mol~1) )
(Computation lengths) /nm ) overlap populations)
(Molecule)
methods) Si—0, 0,—H,; / Hi-0,-Si H, (o Si E. Ezre E, O1—H; Si—0,
(CH;3)5SiOH HF/3-21G 0.168 1 0.096 0 127. 648 6.488 8 —16.021 8 29.976 7 —1 262 125.904 3 350,356 1 —1 261 775.548 2 0.270 1 0.352 6
HF/6-311G++ * * 0.165 7 0.093 9 121. 818 4.598 2 —8.972 2 13.586 5 —1 269 081.473 9 344.357 7 —1 268 737.116 2 0.262 3 0.166 3
MP2/6-311G++**  0.168 0 0.0959 117. 480 4,406 0 —8.7959 13.522 4 —1271110.751 3 330.281 1 —1 270 780.470 2 0.2551 0.175 0
(Bond (Bond angles) / ) o (Bond
. 10%° (Charges)/ C (Energies) / (k] + mol 1) .
(Computation lengths) /nm ) overlap populations)
(Molecule)
methods) 0,—H,  0,—Hj /H,-0,-Hy H. 0 H; E. Ezvg E, O:—H, 0, Hs
H,O HF/3-21G 0.096 7 0.096 7 107.724 5.864 0 —11.744 0 5.864 0 —198 450.917 9 57.132 9 —198 393.785 0 0.264 0 0.264 0
HF/6-311G++ * * 0.094 1 0.094 1 106. 159 4,117 6 —8.2352 4,117 6 —199 678.244 2 60,477 8 —199 617.766 4 0.341 1 0.3411
MP2/6-311G++**  0.095 9 0.0959 103. 390 1. 069 5 —8.139 1 1. 069 5 —200 259.784 2 56.946 7 —200 202.837 5 0.3319 0.3319
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Table 2 Geometrical parameters, atomic charges, bond overlap populations and energies for complex ¢
. ) ) (Bond
(Bond lengths) /nm (Bond angles)/(*) 1020 (Charges)/ C (Energies)/ (k] + mol 1) .
(Computation overlap populations)
methods) Si—O, 0O,—H; 0;—H, /Hi-0,-Si /0:-H,-0; /H;-0;-H: H, Oy Si E. Ezpe O0,—H, Si—0O, 0;—H;
HF/3-21G 0.166 2 0.097 5 0.172 6 129. 824 175.714 113. 286 4.518 1 —8.507 6 12.865 5 —1 460 630.559 6 417.945 6 0.2375 0.379 0 0.063 7
HF/6-311G++** 0.164 7 0.094 4 0.203 4 121.761 179. 980 119. 937 1.794 4 —6.488 8 3.380 6 —1 468 780.447 3 411.935 1 0.210 1 0.208 7 —0.089 0
MP2/6-311G++** 0.166 9 0.096 6 0.191 4 115. 653 174.674 118. 233 1.650 2 —6.873 3 2.964 0 —1 471 399.256 1 395.093 7 0.216 9 0.2199 —0.095 7
) . ) (Bond
(Bond lengths) /nm (Bond angles) /() 1020 (Charges)/ C (Energies)/ (k] + mol 1) )
(Computation overlap populations)
methods) 0,—H. 0,—H; /Hi-0;Hy  /He Oy Hy H, 0 Hs E, Ein 0:—Hs 02— Hy
HF/3-21G 0.096 6 0.096 6 113. 252 109. 280 3.6850 —9.2606 3.6850 —1460 212.614 0 —53.737 4 0.263 2 0.263 2
HF/6-311G++ * * 0.094 2 0.094 2 118. 540 106. 557 5.046 9 —10.093 7 5.046 9 —1468 368.512 2 —20.729 2 0.334 6 0.334 1
MP2/6-311G++**  0.096 1 0.096 1 118. 346 104,193 4,950 7 —9.949 5 4,950 7 —1471 004.162 4 —28.720 6 0.328 0 0.328 0
3 d . N
Table 3 Geometrical parameters, atomic charges, bond overlap populations and energies for complex d
, . ) ) o (Bond
(Bond lengths) /nm (Bond angles)/(*) 10%° (Charges)/ C (Energies)/ (k] + mol 1) )
(Computation overlap populations)
methods) Si—0y 0;—H; 0;—H, ZHi-01-Si /Hy-0:-Si £ H,-01-H, H; O Si E. Ezpe O1—H, Si—O Or—H;
HF/3-21G 0.170 6 0.096 1 0.179 9 124,544 100. 908 131. 797 4,069 5 —8.395 4 12.721 3 —1460 631.931 9 420.271 4 0.269 4 0.293 9 0.038 6
HF/6-311G++**  0.167 1 0.094 0 0.201 2 120. 227 124. 881 109. 740 4.245 8 —0.302 0 4.838 6 —1 468 781.106 1 412,667 7 0.268 8 0.1419 —0.059 9
MP2/6-311G++** 0.169 9 0.096 0 0.188 1 116. 575 109. 522 116. 728 3.829 2 —4.630 3 3.108 2 —1 471 401. 486 1 395.500 0 0.246 6 0.164 3 —0.053 5
. o (Bond
(Bond lengths) /nm (Bond angles) /(*) 1020 (Charges)/ C (Energies) / (k] * mol 1) )
(Computation overlap populations)
methods) 0,—H, 0s—H; /01-Hy-0,  /H,y-0,-H, H, 0, H, E, Eine O,—H; 0,—H;s
HF/3-21G 0.097 5 0.096 6 147,295 108. 643 3.701 0 —8.5877 3.669 0 —1460 211.660 5 —55.109 7 0.234 7 0.260 3
HF/6-311G++ * * 0.094 7 0.094 0 177.749 106. 120 4.165 7 —10.622 4 4,742 4 —1 468 368.438 4 —21.3880 0.327 8 0.313 1
MP2/6-311G++**  0.096 9 0.0959 165. 052 103. 855 3.620 9 —9.725 2 1.630 3 —1471 005.986 1 —30.950 6 0.280 8 0.296 4
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Fig.3 Hydrogen exchange reaction paths between hydrogen of H, O and hydroxy hydrogen of (CH;);SiOH
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Fig. 4 Energy profiles of exchange reaction between hydroxy hydrogen of (CH;);SiOH and H,O
(a) HF/6-311G++ * * (Level), kJ/mol; (b)——MP2/6-311G++ * * (Level), kJ/mol
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