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ABSTRACT. Semiempirical MNDO calculations are employed to study relation properties on bridging
OH group with Al-O(P-O) bond length and Al-O-P bond angle of structural characteristics using birdging
(OH):AIOP(OH); and (OH);AIOHP(OH):* model culster. We know that the O-H bond dissociation energy
of bridging OH group is increased with increasing Al-O(P-O) bond length and decreasing Al-O-P bond
angle. The bridging OH group is formed into enlarged Al-O(P-O) bond length and shortened Al-O-P
bond angle in bridging oxygen atom by a hydrogen migration. The negative net charge of bridging
oxygen atom is increased with longer Al-O-P bond angle, while the positive net charge is decreased
with longer AL-O-P bond angle.
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Fig. 1. Dimeric model cluster for AIPOy-6 molecular
sieve,
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Table 1. Interatomic distances and angles in dimeric
model cluster calculations (T is Al or P atom)

Distances (4) Angles (degree)
AlO, 1.75(1.76F
P-O, 1.53(1.53)
Oy-H, 0.98
0O-H 0.96
T-O 1.6
Al-Q,-P 150.2001
H-O-T 109.471
G,-T-O 109.471

“Reference 15, *Reference 13, ‘Reference 16, “Refere-
nce 10.
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Table 2. Total energies (E)) dissociation energies {(Ey+) of the bridging OH groups, and atomic net charges
(¢) for (OH)»BAIOP(OH); and (OH)AIOHP(OH):* clusters with various A}O bond distances

Al-O Bond

Distance (A) E, (V) q (AD g (P) ¢ (O} g (D Ey- (V)

1.73 —2550.40 0.8472 1.3484 —0.6571 449
—2554.89 0.7643 1.2803 —0.3247 0.2891

1.78 —255047 0.8581 1.3449 —0.6652 461
—2555.08 0.7727 1.2798 —0.3318 0.2863

183 —2550.50 0.8693 13411 —0.6730 4.73
—2655.23 0.7810 12791 —0.3387 0.2836

1.88 —2550.48 0.8805 1.3370 —0.6805 484
—2655.32 0.7893 1.2782 —0.3454 0.2809

1.93 —2550.44 0.8917 1.3327 —0.6877 495
—2555.39 0.7974 1.2773 -0.3517 0.2785

1.98 —2580.37 0.9027 1.3283 ~0.6945 5.06
—255543 0.8052 1.2763 -0.3576 02761

2.03 —2550.30 0.9134 1.3238 —0.7008 5.15
—2555.45 0.8127 1.2752 —-0.3630 0.2739

2.08 —2550.21 0.9237 1.3193 - 0.7067 5.29
—2555.50 0.8196 1.2740 —0.3678 02718

213 —2550.13 09334 1.3148 -0.7121 5.33
—2555.46 0.9261 1.2728 ~0.3722 0.2698

2.18 — 2550.04 0.9425 1.3104 —0.7170 5.14
—2655.45 0.8321 1.2716 —0.3760) 0.2680

Table 3. Total energies (E,) dissociation energies (Ey+) of the bridging OH groups, and atomic net charges
{g) for (OH)AIOP(OH), and (OH)AIOHP(OH);* clusters with various P-O bond distances

];S?m[zz‘{‘g) E (V) ¢ (AD ¢ P ) ¢ @ Eu+ (eV)

1.33 —2548.96 0.8475 1.4882 —-0.6857 2.75
—2551.71 0.7568 1.3759 ~0.3614 0.3223

1.38 —2549.71 0.8494 14501 —-0.6813 324
—2552.95 0.7600 1.3476 -0.3515 0.3131

1.43 —-2550.17 0.8507 14143 —0.6759 370
- 2553.87 (,7629 1.3226 —0.3426 0.3042

148 - 255040 (0.8515 1.3800 —0.6690 4,13
— 255453 0.7655 1.3002 —(.3347 {.2859

1.53 —2550.44 0.8515 1.3470 -0.6603 4.53
— 2554.97 0.7677 1.2801 -0.3276 0.2880

158 —2550.34 0.8510 1.3148 -(.6494 490
— 255424 0.7696 12618 —03211 02805

163 -—2550.13 0.8498 1.2831 —0.6359 523
—2555.36 0.7713 1.2448 —-0.3153 0.2735

168 254985 0.8480 12516 —06194 5.52
—2555.37 0.7728 1.2289 -0.3100 0.2670

1.73 — 254952 0.8454 1.2203 —0.6000 579
255531 07743 12138 03053 02608

1.78 —2549.15 0.8423 1.1891 -0,5773 6.03
—2555.18 0.7759 1.1991 -0.3013 0.2551

1.83 —2548.77 0.8384 1.1581 -0.5516 6.23
—2555.00 07776 1.1848 —-0.2978 0.2497
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Table 4. Total energies (E;) dissociation energies (Ey+) of the bridging OH groups, and atomic net charges
(g) for (OH)LAIOP(OH); and (OH)AIOHP(OH)* clusters with various AIFO-P bond angles

Angf’:’:‘;eg') E, (V) 7 (AD ¢ ® 7 ©) ¢ () Ey+ V)
115 251848 07703 13133 . ~ 05697 650
—~2554,98 0,7585 1.3472 —0.4460 0.3716
120 — 254884 0.7756 13205 — 05762 638
—2555.22 0.7596 1.3374 —0.4276 0.3609
125 —2549.09 0.7817 1.3272 —0.5836 6.27
—2555.36 0.7612 1.3273 —0.4096 0.3496
130 —2550.34 0.8217 1.3214 —0.6183 5.08
—2555.42 0.762¢9 1.3171 —0.3922 0.3380
135 — 2555.40 08297 13281 06288 501
— 256541 0.7645 1.3072 —{0.3652 0.3260
140 255043 08374 1.3346 06395 490
—2555.33 0.7658 1.2976 -0.3589 0.3137
145 — 255044 0.8446 1.3409 —0.6500 475
—2555.19 0.7669 1.2889 —0.3432 0.3012
150 255043 08513 1.3468 —0.6600 155
255498 0.7676 1.2804 —03281 02885
155 —2550.42 0.8572 1.3521 —0.6692 4.29
—2554.71 0.7681 1.2730 —-0.3139 0.2756
160 255041 08624 13567 —06773 396
—2554.37 0.7683 1.2667 —0.3005 0.2625

Total energy(eV)
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Fig. 2. Plot of total energy (eV) vs. Al-O(P-O) bond
length and Al-O-P bond angle in bridging (OH),AIP
(OH); and (OHRAIOHP(OH)* cluster for AIPO,-5
molecular sieve, (The L and + symbols are presen-
ted without and with bridging hydrogen atom).
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Fig. 3. Plot of dissociation energy {(eV) of bridging
OH group vs. Al-Q (P-O) bond length and Al-O-P
bond angle in bridging (OH)AIP(OH); and (OH),
AIOHP(OH);* cluster for AIPO;-5 molecular sieve.
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