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ABSTRACT

The electronic structure and the energy of various aluminate anions possibly existed in sodium aluminate so-

lutions have been calculated by ab initio and DV—Xa methods of quantum chemistry. The calculation results are

used to explain the experimental results of the spectroscopic study of sodium aluminate solutions. It has been

found that AI(OH); may be more stable than AlO; in solutions. and that [(HO),Al-O~AI(OH),]*" may be

more stable than [(HO),Al <§> AI(OH),*" anions. The ultraviolet spectra of sodium aluminate solutions are
H

also interpreted by quantum chemical method.
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1 INTRODUCTION

Sodium aluminate solutions are impor-
tant intermediate products in alumina produc-
tion whose structure is concerned by the me-
tallurgists dealing with aluminium producti-
on'"l. In recent years. we have used Raman spec-
tra, UV spectra, IR spectra and NMR spec-
tra to investigate the structure of sodium alu-
minate solutions concurrently. And quantum
chemical calculation is used for the interpreta-
tion of experimental results. Some results will
be described in this paper.

2 METHOD OF COMPUTATION

The electronic structure and energy of va-
rious aluminate anions are calculated by HO-
NDO program of ab initio method. For sim-
pler anions such as AI(OH); or AlO;, STO—

anion quantum chemistry

3G basis sets are used to optimize the equi-
librated configurations by ab initio method.
Then 3-21G basis sets are used to calculate the
electronic structure and total energy of anions
more accurately. For larger anions, such as
dimeric anions [(HO);AI-O—AI(OH),]*" and
[(HO),AI < 8 > AOH),] *". semi~empirical
MNDO method is used for the optimization of
geometrical configuration, then the electronic
structure and the total energies of anions are
calculated by ab initio method using STO-3G
basis sets.

Since the transition state theory of Xo
method offers a convenient method for exci-
tation energy computation, we have used DV—
Xa method to investigate the UV spectra of
sodium aluminate solutions. The above men-
tioned computations are performed on a VAX
8350 computer.

1 The project was supported by the National Natural Science Foundation of China: Manuseript received December 12, 1991
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3 RESULTS AND DISCUSSION

3.1 Relative Stability of AlO; and AIOH);
ITons

Solid sodium metal aluminate (NaAlO,)
and sodium aluminate solution had been con-
sidered containing AlO; ions. The concept has
been, however, proved to be incorrect. Solid
NaAlO, has been proved three-

sodium aluminate solutions with different con-
centration and caustic ratio, and found that
the chemical shift varied between 70~ 79 ppm.
It also indicates that the coordination number
of Alis 4. In addition, the substitution of
deuterium for hydrogen in aluminate ions
changes the Raman and IR spectra signi-
ficantly. This implies that hydrogen atoms are
components of aluminate anions. Therefore it
is to suppose the existence of the

dimensional network of AlOj tetrahedra with
sharing corners. There is also no reliable evi-
dence to support the existence of AlO; in aqu-
eous solutions. Recently more authors tend to
support the existence of AI(OH); ions instead
of AlO; ions in aqueous solutions >,

We have used ab initio method to calcu-
late the energy difference between AlO,+2H,0
and AI(OH); (tetrahedral configuration). At
first the configurations of H,O and AlO; are
optimized by energy gradient method. The re-
sultant configuration of H,O is of C,, sym-
metry, with R(O-H)=0.99 A. ~HOH=100
(°); while the resultant configuration of the
AI(OH); is of D,., symmetry, with R(AI-0)
=1.62 A. The optimization of AI(OH); is re-
stricted to tetrahedral structure, i. e. with Ty
symmetry, and R(Al-O)=1.64 A, R(O-H)
=0.96 A. Based on optimized configuration, it
has been proved that the following reaction
AlO;+2H,0 —— AI(OH);+745 kJ / mol
is strong exo-energetic. Hence the AI(OH),
ion should be much more stable than AlO; in
aqueous solution. The bond order calculation
has also proved that when AlO, approaches
two water molecules, the electron cloud trans-
fers from one O—H bond in water molecule to
Al-O bond to form Al-O—H structure, i. e.,
form AI(OH), anion.

We have measured the NMR spectra of

AI(OH); ions instead of AlO; ions in aqueous
solution.

3.2 Configuration and Electronic Structure of
AI(OH); Ions

Since some authors discussed the possibil-
ity of the existence of AI(OH); ion with planar
configuration (D, symmetry) in aqueous so-

lution ¥

, we have used quantum chemical me-
thod to investigate the relative stability of
AI(OH); anions with a tetrahedral structure
and with a planar structure. The results of the
indicate that the
AI(OH)] ion is much more stable than the
planar one. The total energy difference is 306
kJ / mol.

The calculated values of the atomic net
charges in the optimized tetrahedral AI(OH);

calculation tetrahedral

are as follows: Al atom, +1.35 ¢; O atom,
—0.44 e; H atom, +0.071 e. The overlap popu-
lation of AI-O bond is 0.44, implying the
strong covalent character of Al-O bond.

3.3 The Relative Stability of [(HO)AI=O~
AlOH),] > Ion and [(HO),AL C § >
AIOH)J*" Jon i

Existence of [(HO)AI-O— AI(OH),] *
and [(HO);Al ¢ > AI(OH),]*" has been pre-
liminary discussed in references [2] and [6]. The

existence of the former in solid compound
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K,[(HO);Al-O—AI(OH),] ~ has been proved
by X-ray diffraction. And the Raman or IR
spectra of concentrated sodium aluminate so-
lution indicate the existence of [((HO);AI-O—
AI(OH),]*" ions in such solutions. But there is
still no strong evidence about the existence of
anion [(HO),Al <§ > AI(OH),)* in aqueous
solution. H

Our results of quantum chemical calcula-
tion by ab initio method show that
[(HO);AI-O—AI(OH),]" >

[(HO);Al < 8> AI(OH),* =356 KJ / mol
is an endo-energetic reaction. Therefore, only
[(HO),Al-O— AI(OH),] 2" jon has been pro-
ved to be existent in sodium aluminate solu-
tions.

The optimized configuration of [(HO);Al
—O-Al(OH)}" ion by MNDO method has the
following structural parameters: R(O—Al)=
1.75 A (in terminal group), R(O-H)=0.97 A
(in terminal group), . AlIOAI=134 (°) (in
Al-O-Al bridge), R(O-AD=1.67 A. The
symmetry of this anion is C, point group. ;l;he
optimized configuration of [(HO)AI < >
AI(OH);]*" is shown in Fig. 1. H

H
Fig. 1 The configuration of [(HO)AI <) AIOH)J*
H

The calculated structural parameters in
Fig. 1 are R(O-AD=1.72 A (in terminal),
R(O-H)=0.97 A (in terminal), “AIOAl=112

(), £ HOO=95 (°), R(OO-AD=222 A (in
middle part), R(OO~H)=0.95 A (in middle pa-
rt).

3.4 Interpretation of the UV Spectra of So-

dium Aluminate Solutions

DV—Xo method has been used to calcu-
late the excitation energy of various aluminate
anions. The corresponding ultraviolet absorp-
tion peaks are as follows:

Al(OH); 2,344 A
AI(OH)}” 2,647 A
[(HO),AI-O-AI(OH),"  2.666 A

The absorption peak of AI(OH); may be
overshadowed by the strong absorption of
NaOH in solution. The absorption peak near
2,700 A may be assigned to [(HO)Al-O—
AI(OH);] ™ ion, while the strong absorption
band between 2,300~ 2.900 A for the high o
concentrated solution may be assigned to
AI(OH)?™ anion, which has been proved to be
existent in sodium aluminate solutions of this
kind.
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