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Density Functional Theory Studies on the Acidity of MCM-22 Zeolite
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Abstract: Density functional theory has been applied to study the distribution of the framework aluminum atoms
at eight inequivalent T sites and the acidity of Bronsted acid in MCM-22 zeolite. The calculations were performed
with BLYP hydride functional and DNP basis set, using 8T cluster model (H;Si0),Si-O(H)-T(OSiH;);, where T=Si
or Al. According to the calculated (Al, H)/ Si substitution energies and proton affinity, it was proposed that the
most favorable sites for Al substitution are T1, T4, T3 and T8 sites. The preferable Bronsted acid sites locate at
Al1-O3H-Si4, Al4-O3H-Sil, Al3-O11H-Si2 and Al8-O10H-Si2 bridging groups. The acidity of Al1-O3H-Si4 and
Al4-O3H-Sil is equivalent, Al3-O11H-Si2 and AlI8-010-Si2 sites are less and higher than the first two Bronsted
acid sites, respectively. The orientating effect of the hexamethyleneimine(HMI) template molecule on the location
of the framework aluminum atoms was also considered by calculating the interaction energies between the cation-

ic template HMIH"* and the zeolite anionic centers Zeo-AlO,.
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Table 1 Al/Si substitution energies at different T sites, AE 4,

Model Es.os (a.u) Eyos (au.) AE y, (a.u.) AE' 1 (kcal -mol™)
Al1-03-Si4 -2 854.226 37 -2 807.278 21 46.948 16 2.25
Al2-011-Si3 -2 854.221 14 -2 807.255 08 46.966 06 13.49
Al2-09-Si5 -2 854.213 75 -2 807.251 32 46.962 43 10.78
AI2-010-Si8 -2 854.208 73 -2 807.246 98 46.961 75 10.78
Al3-011-Si2 -2 854.221 14 -2 807.262 72 46.958 42 8.69
Al4-03-Sil -2 854.226 37 -2 807.276 30 46.950 08 3.45
Al5-09-Si2 -2 854.213 75 -2 807.269 18 46.944 57 0
Al6-02-Sil -2 852.929 50 -2 805.991 49 46.938 10
Al8-010-Si2 -2 854.208 73 -2 807.260 46 46.948 27 2.32
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Table 2 (Al, H)/Si substitution energies at different T sites, AE y, y

T sites Model Esos (a.u.)
T1 Al1-O3H-Si4 -2 854.226 37
T2 Al2-O11H-Si3 -2 854.221 14
T2 Al2-O9H-Si5 -2 854213 75
T2 Al2-0O10H-Si8 -2 854.208 73
T3 Al3-O11H-Si2 -2 854.221 14
T4 Al4-03H-Sil -2 854.226 37
TS Al5-0O9H-Si2 -2 854.213 75
T8 Al8-O10H-Si2 -2 854.208 73

Euvons (a.1) AEqp (a.) AE' 1 / (keal -mol™)
-2 807.752 29 46.474 08 0

-2 807.731 96 46.489 18 9.48

-2 807.716 71 46.497 04 14.41
-2.807.712 43 46.496 30 13.94

-2 807.740 75 46.480 39 3.96

-2 807.750 23 46476 15 1.30
-2807.731 15 46.482 60 535

-2 807.729 46 46.479 27 326
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Table 3 Deprotonation energies at different T sites, AE,

T sites Model k, o (auw) Ejon (au.) AE, (a.u.) AE", / (keal-mol™)
T1 Al1-O3H-Si4 -2 807.278 21 -2 807.752 29 0.474 08 3.19
T3 Al3-011H-Si2 -2 807.262 72 -2 807.740 75 0.478 03 5.67
T4 Al4-03H-Sil -2 807.750 23 -2 807.750 23 0.473 93 3.10
T8 Al8-010H-Si2 -2 807.260 46 -2 807.729 46 0.469 00 0
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Mulliken HLfof (I S 25N R AR KR, Wik
AR TAREZ TSR B g4 s MR 1
A2 LR Y & A13-011H-Si2<A18-010H-Si2<
Al4-O3H-Sil1<Al1-O3H-Si4, % B3 A4 50 3, R
& A13-O11H-Si2 1 vy e/, (HRZN AL T 28 X
FLIE S BAE b S5 R 5K ) 2 R 3 O-H ik 2h 45
R/ B A, B AN BB AN (AR 8 A 3l A 5 iE B
AI3-011H-Si2 {3 1 R PE ek
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Table 4 Calculated O-H bond distances, streching frequencies and Mulliken charges at different hydroxyl bridges

T sites Model vou | em™ don / nm n g1l
T1 Al1-03H-Sid 3676.5 0.097 6 0.346 0.247
T3 AI3-O11H-S8i2 3 640.4 0.097 7 0.352 0.249
T4 Al4-03H-Sil 3 665.8 0.097 7 0.345 0.246
T8 AI8-010H-Si2 3 660.4 0.097 7 0.353 0.250
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Table 5 Interaction energies of HMIH* with anionic centers at different T sites
T sites Model E; (a.u.) Epn (a.u.) AE,, (a.u.) AE'",, / (kcal -mol™)

T1 Al1-03-Si4-HMIH* -2 807.278 21 -3 098.963 52 -0.150 69 -9.83
T2 AI2-011-Si3-HMIH* -2 807.255 08 -3 098.936 49 -0.146 79 -7.38
T2 Al2-09-Si5-HMIH* -2 807.251 32 -3 098.920 97 —-0.135 03 0

T2 AlI2-010-Si8—HMIH* -2 807.246 98 -3 098.926 19 —0.144 59 —-6.00
T3 AlI3-011-Si2-HMIH* -2 807.262 72 -3098.942 77 —0.145 43 -6.53
T4 Al4-03-Sil-HMIH* -2 807.276 30 -3 098.961 51 —-0.150 59 -9.76
TS Al5-09-Si2-HMIH* -2 807.269 18 -3 098.941 66 -0.137 86 -1.78
T8 Al8-010-Si2-HMIH* -2 807.260 46 -3 098.940 49 —-0.145 41 -6.51
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