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Abstract.  Quantum chemical calculation of the molecules of 3,5-di(cyclo-
trialumoxandiol)tetraalumoxantetraol-1,1,7,7and 1,7-di(cyclotrialumoxandiol)tetraalumoxantetraol-
1,3,5,7 is executed for the first time by method MNDO  with optimization of geometry on all
parameters by standardgradient method. The optimized geometrical and electronic structure of
these compounds is received. Acid force of 3,5-di(cyclo-trialumoxandiol) tetraalumoxantetraol-
1,1,7,7and 1,7-di(cyclotrialumoxandiol)tetraalumoxantetraol-1,3,5,7 is theoretically appreciated.
It is established, that it to relate to a class of very weak H-acids (pKa=14) where pKa-universal
index of acidity).

 Key words: quantum chemical calculation, method MNDO,3,5-di(cyclo-
trialumoxandiol)tetraalumoxantetraol-1,1,7,7, 1,7-di(cyclotrialumoxandiol)tetraalumoxantetraol-
1,3,5,7, acid force.

Results of the calculation

Optimized geometr ic and electronic
structures, general and electronic energies of
molecules3,5-di(cyclotrialumoxandiol)tetra-
alumoxantetraol-1,1,7,7and 1,7-di(cyclo-
trialumoxandiol)tetraalumoxantetraol-1,3,5,7 were
received by method MNDO  and are shown on
fig. 1,2 and in tabl. 1–3. The universal factor of
acidity was calculated for method MNDO by
formula: рКа=42.11-147.18qmax

H+[1–8; 11]
(where, qmax

H+ “ a maximum positive charge on
atom of the hydrogenqmax

H+= 0.19рКа- pKa-
universal index of acidity (tabl.1).рКа = 14.

The Aim of this work is a quantum chemical
calculation and theoretically determination of acid
force of derivativesdioles3,5-di(cyclotrialumoxandiol)
tetraalumoxantetra-ol-1,1,7,7and 1,7-di(cyclo
trialumoxan-diol)tetraalumoxantetraol-1,3,5,7 by
method MNDO  with optimization of geometry on
all parameters by standard gradient methodbuilt-in
in PC GAMESS [10]. The calculation was executed
in approach the insulated molecule in gas phase.
Program MacMolPlt was used for visual
presentation of models of molecules [9].These
compounds can be fragments of polymermodels of
optical glasses, such as «low-crownglass» and
«heavyflint glass».
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Table 1

Optimized bond lengths, valence corners and charges on atoms of the molecul
 of 3,5-di(cyclotrialumoxandiol)tetraalumoxantetraol-1,1,7,7

Length of relations R,A Valent corners Degree Atom Charges on atoms 
of a molecule 

O(2)-Al(1)  
Al(3)-O(2)  
O(4)-Al(3)  
Al(5)-O(4)  
O(6)-Al(5)  
Al(7)-O(6)  
O(8)-Al(7)  
O(9)-Al(7)  
O(10)-Al(1)  
O(11)-Al(1)  
O(12)-Al(3)  
O(13)-Al(5)  

Al(14)-O(12)  
O(15)-Al(14)  
Al(16)-O(15)  
O(17)-Al(16)  
Al(18)-O(17)  
O(19)-Al(18)  
O(20)-Al(16)  
O(21)-Al(18)  
Al(22)-O(13)  
O(23)-Al(22)  
Al(24)-O(23)  
O(25)-Al(24)  
Al(26)-O(25)  
O(27)-Al(26)  
O(28)-Al(24)  
O(29)-Al(26)  
H(30)-O(8)  
H(31)-O(9)  

H(32)-O(10)  
H(33)-O(11)  
H(34)-O(20)  
H(35)-O(21)  
H(36)-O(28)  

1.62 
1.64 
1.63 
1.63 
1.64 
1.62 
1.67 
1.68 
1.68 
1.68 
1.64 
1.64 
1.62 
1.68 
1.66 
1.67 
1.67 
1.66 
1.67 
1.67 
1.62 
1.67 
1.66 
1.67 
1.67 
1.66 
1.67 
1.67 
0.93 
0.93 
0.93 
0.93 
0.93 
0.93 
0.93 

Al(1)-O(2)-Al(3) 
O(2)-Al(3)-O(4) 
Al(3)-O(4)-Al(5) 
O(4)-Al(5)-O(6) 
Al(5)-O(6)-Al(7) 
O(6)-Al(7)-O(8) 
O(6)-Al(7)-O(9) 

O(2)-Al(1)-O(10) 
O(2)-Al(1)-O(11) 
O(2)-Al(3)-O(12) 
O(4)-Al(5)-O(13) 

Al(3)-O(12)-Al(14) 
O(12)-Al(14)-O(15) 
Al(14)-O(15)-Al(16) 
O(15)-Al(16)-O(17) 
Al(16)-O(17)-Al(18) 
O(17)-Al(18)-O(19) 
O(15)-Al(16)-O(20) 
O(17)-Al(18)-O(21) 
Al(5)-O(13)-Al(22) 
O(13)-Al(22)-O(23) 
Al(22)-O(23)-Al(24) 
O(23)-Al(24)-O(25) 
Al(24)-O(25)-Al(26) 
O(25)-Al(26)-O(27) 
O(23)-Al(24)-O(28) 
O(25)-Al(26)-O(29) 
Al(7)-O(8)-H(30) 
Al(7)-O(9)-H(31) 
Al(1)-O(10)-H(32) 
Al(1)-O(11)-H(33) 
Al(16)-O(20)-H(34) 
Al(18)-O(21)-H(35) 
Al(24)-O(28)-H(36) 
Al(26)-O(29)-H(37) 

179 
120 
179 
120 
174 
121 
122 
120 
120 
120 
121 
179 
126 
131 
110 
129 
110 
125 
125 
179 
126 
131 
110 
129 
110 
125 
125 
122 
123 
124 
124 
122 
122 
122 
122 

Al(1) 
O(2) 
Al(3) 
O(4) 
Al(5) 
O(6) 
Al(7) 
O(8) 
O(9) 

O(10) 
O(11) 
O(12) 
O(13) 
Al(14) 
O(15) 
Al(16) 
O(17) 
Al(18) 
O(19) 
O(20) 
O(21) 
Al(22) 
O(23) 
Al(24) 
O(25) 
Al(26) 
O(27) 
O(28) 
O(29) 
H(30)  
H(31) 
H(32) 
H(33) 
H(34) 
H(35) 

+1.08 
-0.71 
+1.15 
-0.74 
+1.15 
-0.72 
+1.07 
-0.55 
-0.56 
-0.56 
-0.56 
-0.72 
-0.72 
+1.07 
-0.71 
+1.02 
-0.70 
+1.02 
-0.70 
-0.53 
-0.53 
+1.07 
-0.70 
+1.03 
-0.70 
+1.02 
-0.71 
-0.53 
-0.53 
+0.19  
+0.19 
+0.18 
+0.18 
+0.19 
+0.19 

Fig.1. Geometric and electronic structure of molecule of 3,5-di(cyclotrialumoxandiol)tetraalumoxantetraol -1,1,7,7.
(Е0= -651635 kDg/mol, Еel= -3331183 kDg/mol)
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Table 2

Optimized bond lengths, valence corners and charges on atoms
of the molecule of 1,7-di(cyclotrialumoxandiol)tetraalumoxantetraol-1,3,5,7

Length of relations R,A Valent corners Degree Atom Charges on atoms 
of a molecule 

O(2)-Al(1)  
Al(3)-O(2)  
O(4)-Al(3)  
Al(5)-O(4)  
O(6)-Al(5)  
Al(7)-O(6)  
O(8)-Al(7)  
O(9)-Al(7)  
O(10)-Al(1)  
O(11)-Al(1)  
O(12)-Al(3)  
O(13)-Al(5)  
Al(14)-O(10)  
O(15)-Al(14)  
Al(16)-O(15)  
O(17)-Al(16)  
Al(18)-O(17)  
O(19)-Al(18)  
O(20)-Al(16)  
O(21)-Al(18)  
Al(22)-O(8)  
O(23)-Al(22)  
Al(24)-O(23)  
O(25)-Al(24)  
Al(26)-O(25)  
O(27)-Al(26)  
O(28)-Al(24)  
O(29)-Al(26)  
H(30)-O(13)  
H(31)-O(9)  
H(32)-O(12)  
H(33)-O(11)  
H(34)-O(20)  
H(35)-O(21)  
H(36)-O(28)  

1.63 
1.63 
1.64 
1.64 
1.63 
1.64 
1.63 
1.68 
1.63 
1.68 
1.68 
1.68 
1.62 
1.68 
1.67 
1.67 
1.67 
1.66 
1.67 
1.67 
1.62 
1.67 
1.66 
1.67 
1.67 
1.67 
1.67 
1.67 
0.93 
0.93 
0.93 
0.93 
0.93 
0.93 
0.93 

Al(1)-O(2)-Al(3) 
O(2)-Al(3)-O(4) 
Al(3)-O(4)-Al(5) 
O(4)-Al(5)-O(6) 
Al(5)-O(6)-Al(7) 
O(6)-Al(7)-O(8) 
O(6)-Al(7)-O(9) 
O(2)-Al(1)-O(10) 
O(2)-Al(1)-O(11) 
O(2)-Al(3)-O(12) 
O(4)-Al(5)-O(13) 

Al(1)-O(10)-Al(14) 
O(10)-Al(14)-O(15) 
Al(14)-O(15)-Al(16) 
O(15)-Al(16)-O(17) 
Al(16)-O(17)-Al(18) 
O(17)-Al(18)-O(19) 
O(15)-Al(16)-O(20) 
O(17)-Al(18)-O(21) 
Al(7)-O(8)-Al(22) 
O(8)-Al(22)-O(23) 

Al(22)-O(23)-Al(24) 
O(23)-Al(24)-O(25) 
Al(24)-O(25)-Al(26) 
O(25)-Al(26)-O(27) 
O(23)-Al(24)-O(28) 
O(25)-Al(26)-O(29) 
Al(5)-O(13)-H(30) 
Al(7)-O(9)-H(31) 

Al(3)-O(12)-H(32) 
Al(1)-O(11)-H(33) 
Al(16)-O(20)-H(34) 
Al(18)-O(21)-H(35) 
Al(24)-O(28)-H(36) 
Al(26)-O(29)-H(37) 

178 
121 
170 
121 
175 
121 
120 
121 
121 
119 
120 
178 
126 
131 
110 
130 
110 
125 
125 
177 
125 
131 
110 
130 
110 
125 
125 
123 
123 
123 
123 
122 
122 
122 
122 

Al(1) 
O(2) 
Al(3) 
O(4) 
Al(5) 
O(6) 
Al(7) 
O(8) 
O(9) 
O(10) 
O(11) 
O(12) 
O(13) 
Al(14) 
O(15) 
Al(16) 
O(17) 
Al(18) 
O(19) 
O(20) 
O(21) 
Al(22) 
O(23) 
Al(24) 
O(25) 
Al(26) 
O(27) 
O(28) 
O(29) 
H(30) 
H(31) 
H(32) 
H(33)  
H(34) 
H(35) 

+1.11 
-0.73 
+1.10 
-0.74 
+1.10 
-0.73 
+1.11 
-0.70 
-0.56 
-0.70 
-0.56 
-0.56 
-0.56 
+1.08 
-0.71 
+1.02 
-0.70 
+1.03 
-0.70 
-0.53 
-0.53 
+1.08 
-0.70 
+1.03 
-0.70 
+1.03 
-0.71 
-0.53 
-0.53 
+0.18 
+0.18 
+0.18 
+0.19  
+0.19 
+0.19 

Table 3

General energy (Е0), electronic energy (Еel), maximum positive charge on atom
of the hydrogen (qmax

H+), the universal factor of acidityderivativesdioles-
monomersofcationicpolymerization

№  M onom er  Е0kDg/m ol Е el= k Dg/m ol qmax
H+  рКа  

1 3,5-di(cyclotrialumoxandiol) 
tetraalumoxantetraol-1,1,7,7 

-651 635 -3 331 183 +0,19 14 

2 1,7- di cyclotrialumoxandiol) 
tetraalumoxantetraol -1,3,5,7 

-651 646 -3 399 236 +0,19 14 
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Quantum-chemical calculation of molecules 3,5-
di(cyclotrialumoxandiol)tetra-alumoxantetraol-1,1,7,7
and 1,7-di(cyclotrialumoxandiol)tetraalumoxantetraol-
1,3,5,7  by method MNDO was executed for the first
time. Optimized geometric and electronic structures
of these compounds were received. Acid power of
moleculesterpenes was theoretically evaluated
(pKa = 14). These compounds pertain to class of very
weak Н-acids (рКа = 14).
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Аннотация. Квантово-химическое вычисление молекул 3,5-di (cyclo-
tria lumoxandiol) tetraalumoxantetraol-1,1,7,7 и 1,7-di (cyclotria lumoxandiol)
tetraalumoxantetraol-1,3,5,7 выполнен впервые методом MNDO с оптимизацией геометрии
на всех параметрах предлагаемым  методом. Получена оптимизированная геометри-
ческая и электронная структура этих составов. Теоретически оценена кислотная сила
3,5-di (cyclo-trialumoxandiol) tetraalumoxantetraol-1,1,7,7 и 1,7-di (cyclotrialumoxandiol)
tetraalumoxantetraol-1,3,5,7. Установлено, что эта молекула относится к классу очень
слабых кислот (pKa>14) , где pKa-универсальный индекс кислотности).

 Ключевые слова: квантово- химическое вычисление, метод MNDO, 3,5-di (cyclo-
trialumoxandiol) tetraalumoxantetraol-1,1,7,7, 1,7-di (cyclotrialumoxandiol) tetraalumoxantetraol-
1,3,5,7, кислотная сила.


