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Effect of ‘OH radical on cyclization reaction of
trimer aluminate ions (Al;—B cluster)

YIN Zhou-lan, DING Zhi-ying, LI Jun, ZHANG Mu-qun

(School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: To investigate the decomposition mechanism of supersaturated sodium aluminate solution with ultrasound,
an advanced quantum chemical calculation technique with density functional theory (DFT) was used. The model
geometry of Al;—B cluster and the relevant part of reactivity were determined. The possible paths of cyslization reaction
for Al;—B cluster with -OH radical were also designed. Meanwhile, the geometries of transition states and intermediates
were optimized and verified by PES and frequency calculation. The results show that the -OH radical is beneficial to the
appearance of circled growth unit [Als(OH),(H,0),]*". There are two possible paths of polymerization of Al;—B cluster
with -OH radical. The activity energy is 109 kJ/mol, which is decreased by about 70 kJ/mol.
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Fig. 1 Schematic diagram showing optimized geometric

structures of Al;—B cluster
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Table 1 Partial optimized geometric parameters of Al;—B cluster
Al—O bond Bond length/A O—H bond Bond length/A 0O—AIl—O0 bond Bond angle/(°)
Al1—05 1.8291 O5—H 19 09213 05—Al1—038 93.430
Al1—07 2.0544 O7—H21 0.966 8 05—Al1—07 112.728
Al1—038 1.8802 O 10—H 22 0.942 1 08—Al2—0 10 114.785
Al2—O0 38 1.9455 O 11—H23 0.9542 08—AlI2—O0 11 147.871
Al2—0 10 1.7921
Al2—O0 11 1.9048
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Table 2 Total energy, frontier molecular orbital energy and

energy gaps of Al;—B cluster and -OH radical under

DFT/BLYP/DNP level
Specie Elmal/a.u. ELUMO/a.u. EHOMO/a.u. AE/a.u.
Al;—B cluster —1783.8776  0.2475 —0.1963  0.4438
‘OH radical ~ —75.7201 0.0336 —0.0112  0.0448
A S
B,
e R
HOMO LUMO HOMO LUMO
Al;—B cluster -OH radical

2 Al-B HERINI-OH B 13 1 Hy e
Fig. 2 Frontier molecular orbitals of Al;—B cluster and -OH

radical
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Table 3 Total atomic net-charge for Al;—B cluster Table 4 Zero-point vibration energy and total energy of
Atom  Charge ||Atom  Charge Atom  Charge species under DFT/BLPY/DNP level
All 1.7355 013  —1.0300 H25 0.4757 Specie Ey/a.u. Ezpye/a.u.
Al2 1.8811 014  —-1.0292 H26 0.3908 Al,~B cluster ~1791.3829 0.0088
Al3 1.7322 15 —0.874 H2 0.3776
! 0 at 7 77 Intermediate (IM1) —1866.6143 0.0113
04 —-1.0858 || Ol6  —1.0811 H28 0.4142
Transition (TS1) —3580.5597 0.0108
05 -1.0400 || O17 —1.0651 H29 0.4159
06  —1.0323 HI8 03941 H30 04058 Intermediate (IM2) —3431.0430 0.0120
07  —0.9006 H19 0.3860 H31 04112 Transition (TS2) —3431.1123 0.0151
08  —1.0832 || H20 0.3903 H32 0.4432 [Alg(OH)»(H,0),]* —3301.1497 0.0091
09 -1.0618 || H21 0.4741 H33 0.4809
010 -1.0918 || H22 0.3497 H34 0.4776 2.4 FLEEEET
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Fig. 3 Schematic diagrams of optimized geometries of
various species: (a) Al;—B cluster; (b) IM1; (c) TS1; (d) IM2; (e)
TS2; (f) [Al(OH)2(H,0).]"
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Fig.4 Schematic diagrams showing possible reaction mechanism of Al;-B clusters polymerizing
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