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Abstract The ONIOM method was used to perform the computational study on the acid strength of double acid
sites in the 12 member-ring of MCM-22 zeolite. The calculation was carried out by the B3LYP 6-31G** MN-
DO method based on the 52T cluster model. The dependency of the acid strength on the interval distance of the
framework Al atoms was examined and the adsorption of ethylene and benzene on the adjacent acid sites was in-
vestigated. The calculation results indicated that when two acid sites existed near each other and spaced out by
one Si atom the acidity descends obviously with respect to the isolated acid site. If the Si atom number between
two framework Al atoms increases the acidity rises up. When the Si atom number is more than three the acid
strength reaches a steady value being equivalent to the isolated system. For C,H, adsorption its adsorption en-
ergy in all cases is 31—35 kJ mol independent on the interval distance between the framework Al atoms. For
C¢Hg benzene adsorption its adsorption energy on next nearest neighbour acid sites is higher than that on single
acid site and when the Si atom number is more than three its adsorption energy is 21—29 k] mol. The adsorp-
tion energy of either two C,H, molecules or two C¢Hg molecules at the adjacent acid sites is equivalent to that of
single molecule on the isolated acid site. The natural bond orbital analysis for the adsorption complexes ascer-
tained their electronic structure and the nature of C;H, and C4Hy adsorption on the acid sites was explored.
Key words density functional theory MCM-22 zeolite ethylene benzene adsorption energy
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Table 1  Proton localization and its substitution
energy in Al nSi Al model
E AE AE,.
2 H position A A :
a.u. a.u. kJ mol
Evleth 20 HAIl 1Si HAIl  —4310.64751  93.19240 0
HAIL 1Si AIH  —4310.62849  93.21142 49.93
DFT G,H,; C;Hq G H, '
HAl4 1Si HAI4  —4310.63446  93.20548 34.29
HAl4 1Si AMH  —4310.60810  93.23181 103.42
DFT HAIL 2Si AUH ~ —4310.62934  93.21057 11.58
Gaussian 03 ONIOM HAIl 2Si HAl4  —4310.63376  93.20615
52T AllH 2Si Al4H  —4310.63339 93.20652 0.96
AlIH 2Si HAI4  —4310.62730  93.21261 16.94
1 DFT
B3LYP 6.31G"" HAIl 3Si AIH ~ —4310.83238  93.00753 7.61
HAIl 3Si HAIl  —4310.83507  93.00484 0.54
MNDO . AllH 3Si HAIl  —4310.83528  93.00463
. 12- HAl4 3Si AUH  —4310.80749  93.03242 72.89
MR HAI4 3Si HAI4  —4310.81019  93.02972 65.82
Al4H 3Si HAl4  —4310.80671  93.03320 74.94
G Hy CoHg
HAIl 4Si AMH  —4310.82053  93.01938 4.43
B3LYP 6-31G*" MNDO '
o HAIl 4Si HAl4 ~ —4310.82238  93.01753 0
B3LYP 6-311 " G~ MNDO AILH 4Si Al4H  —4310.82233  93.01758 0.13
AllH 4Si HAl4 ~ —4310.81999  93.01992 6.27
HAIl 58i AIIH ~ —4310.83478  93.00513 0
HAIl 58i HAIl ~ —4310.83262  93.00729 5.56
ST HAl4 5Si AUH  —4310.80993  93.02998 65.20
HAl4 5Si HAI4 ~ —4310.80954  93.03037 66.24

E A y — Optimized total energy AE 5 y — Al H Si substi-
NBO Gaussian 03 NBO 3.1 tution energy AE,,— Relative Al H Si substitution energy

DFT B3LYP 6-31G** with respect to the same model.
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Table 2 Geometrical parameters and energy for C,H, molecule adsorbed on T1 site in Al 2Si Al model
Model HT1 2Si T4H HT1 4Si T4H
Parameter 52T-All HT1 1Si - HT1 2Si - HTI1 3Si - HTI1 4Si - HTI1 5Si -
- - - = . T1 T4 T1 T4
HT1 T4H T1H T4H T1H
03a-Hz nm 0.100 0.099 0.099 0.099 0.099 0.099 0.099 0.099 0.099 0.010
Cl-Hz nm 0.217 0.220 0.219 0.218 0.218 0.216 0.219 0.217 0.219 0.215
C2-Hz nm 0.215 0.216 0.220 0.219 0.218 0.217 0.219 0.216 0.220 0.215
C1-C2 nm 0.134 0.134 0.134 0.134 0.134 0.134 0.134 0.134 0.134 0.134
C2-O3b nm 0.335 0.377 0.327 0.329 0.330 0.329 0.325 0.341 0.329 0.345
Al-O3a nm 0.182 0.181 0.182 0.182 0.182 0.182 0.182 0.183 0.182 0.182
Al-O3b nm 0.168 0.169 0.168 0.168 0.168 0.168 0.168 0.169 0.168 0.169
03a-Si nm 0.165 0.165 0.165 0.165 0.165 0.165 0.165 0.165 0.165 0.165
03b-Si nm 0.160 0.161 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160
Al-O3a-H ° 116.31 118.72 115.54 116.02 116.01 116.43 115.49 116.89 115.97 116.36
Si-O3b-Al ° 119.86 119.52 118.39 119.90 119.62 119.88 118.48 117.36 119.62 118.22
C2-O3b-Al ° 98.07 89.31 101.74 101.34 100.40 104.16 102.77 104.06 102.53 104.43
03b-Al-O3a ° 94.66 94.73 93.96 94.47 94.38 94.98 93.94 94.07 94.24 93.82
AE ., kJ mol —-35.13 —33.25 -33.67 —34.21 -33.96 -31.33 —32.87 av —34.75 av
AE,, k] mol -22.79 -21.12 -24.59 -22.75 -24.76 -22.88

AE 4 Adsorption energy calculated by BALYP 6-31G™ MNDO AE ,— Single point energy calculated by BALYP 6-311 " G™ MNDO.
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Fig 4 Optimized structure for two C;H, molecules adsorbed
on T1 and T4 acid sites in Al 2Si Al model
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Fig 5 Optimized structure for one CgHg molecule adsorbed
on T1 acid site in Al 2Si Al model
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Table 3 Geometrical parameters and energy for C4Hg adsorbed on T1 acid site in Al 72Si Al model
Model HT1 2Si T4H HT1 4Si T4H
Parameter 52T-All HT1 1Si - HT1 2Si - HT1 3Si - HT1 4Si - HT1 5Si -
HT1 T4H T1H T4H TIH m T4 Tl T4
Cl-Hz nm 0.230 0.253 0.229 0.261 0.263 0.237 0.228 0.214 0.221 0.214
C2-Hz nm 0.240 0.225 0.240 0.224 0.224 0.229 0.232 0.241 0.257 0.245
Cl-C2 nm 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140
Cl-H nm 0.109 0.109 0.109 0.108 0.108 0.108 0.109 0.109 0.109 0.109
O-Hz nm 0.099 0.098 0.098 0.098 0.098 0.098 0.098 0.099 0.099 0.099
Si-O3a nm 0.166 0.166 0.165 0.166 0.166 0.165 0.165 0.166 0.165 0.166
Al-O3a nm 0.182 0.181 0.182 0.182 0.182 0.182 0.182 0.183 0.182 0.182
Al-O3b nm 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.169 0.168 0.169
Si-O3a-Al ° 125.36 124.46 125.70 125.65 125.54 125.84 125.61 126.40 125.44 126.10
AE .4 kJ mol -27.06 —41.53 —28.14 —28.69 —28.44 —21.54 —26.39 av —25.55 av
AE,, k] mol -18.82 -30.61 —19.82 -—17.61 -19.40 —16.85
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Table 4 NBO analysis results for C,H, and C4Hy adsorbed on MCM-22 zeolite
Acid site Molecule NBO i  hybrid NBO j E 2 k] mol q; q;
AllH CH, BD 2 C1-C2 BD® 1 O3-H 50.31 1.94865 0.05038
LP 1 03 sp° BD" 1 C2-H2 4.22 1.91636 0.01312
LP 1 02 sp° BD* 1 CI-H1 1.38 1.90969 0.01175
AllH CeHs LP1 Cl p BD® 1 O3-H 8.15 0.99953 0.03079
LP1 C2 p BD* 1 O3-H 15.85 1.00763 0.03079
LP 1 03 sp? BD" 1 C2-H2 4.77 1.91663 0.03079
LP 1 03 sp? BD" 1 Cl1-H1 0.54 1.90975 0.01318

i — donor j — acceptor E 2 — stabilization energy g — obital occupancy BD 1 — single bond BD 2 — double bond BD" — corre-

sponding antibond LP — lone pair.
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Fig 6 Contours of hydrogen bonding for C;H, or C¢Hg adsorbed on 6 T-TT acid site in Al nSi Al model
a m>c  O-H for C,H, adsorption complex b O p —>¢° C-H for C,Hy adsorption complex
¢c Cp —>6" O-H for C¢Hy adsorption complex d O p —>¢" C-H for C4Hg adsorption complex
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