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Abstract 

Solid-state “Al and cross-polarization (CP) 13C magic-angle spinning nuclear magnetic resonance (MAS NMR) was used 
to characterise aluminas obtained by calcining basic aluminium succinate at different temperatures. In basic aluminium 
succinate, aluminium is in the tetrahedral coordination only. However, in both X-ray amorphous and y-aluminas aluminium 
is in the tetrahedral and octahedral coordination. The intensity of the aluminium peaks is at a maximum for samples 
calcined at 700°C. i3C CP MAS NMR indicates the bonding of Al with carbon of the carboxylate group in basic aluminium 
succinate. Samples calcined at 400-870°C do not give 13C spectra. 
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Introduction 

Alumina finds extensive applications in the 
fields of ceramics, adsorbents, catalysts and cata- 
lyst supports. The properties of aluminas vary 
considerably depending on the method of prepa- 
ration and pretreatment [l-4]. The adsorptive 
and surface properties of aluminas depend on the 
structure, the type of crystal phase and on the 
chemical nature of the surface [5-81. The bifunc- 
tional (acidic and basic) character of r-Al,O,, its 
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high surface area, mechanical strength and ther- 
mal stability make it useful as a catalyst and 
catalyst support [9,10]. 

Aluminas are variously characterised by X-ray 
diffraction (XRD) for crystallographic composi- 
tion [6], infrared (IR) for surface hydroxyl groups 
[7,111 and, in some cases, ‘H MAS NMR [12,13]. 
More recently, solid-state 27Al MAS NMR has 
been used to elucidate the nature of Al coordina- 
tion in crystalline as well as X-ray amorphous 
aluminium compounds [14-161. 

The r-Al,O, and other transitional aluminas 
are usually formed during thermal dehydration of 
boehmite, bayerite and pseudo-boehmite [6,17], 
following the transformations 

Boehmite 450°C y-Al,O, s 

6-Al,o, - 10500c & +a-Al,O, 1200°C a-Al,O, 
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Bayerite % n-AJO, % 

e-Al,o, 1200°C cw-Al,o, 

Pseudo-boehmite 3 y-Al,O, 3 

6-Al,o, 5 & +a-Al@, ‘200°C &Al,o, 

Sivaraj and co-workers [18,19] have recently 
reported the preparation of catalytically active 
aluminas from basic aluminium succinate precipi- 
tated from a homogeneous solution. The trans- 
formation of basic aluminium succinate by ther- 
mal treatment can be depicted as 

basic aluminium succinate 5 

amorphous Al,O, w 
0 

y-Al,O, = y- +a-Al,03 
1050°C 
- a-Al,o, 

This paper presents the results of a solid-state 
27Al MAS NMR study to elucidate the coordina- 
tion state of aluminium in X-ray amorphous and 
crystalline aluminas derived through the thermal 
treatment of a basic aluminium succinate precur- 
sor. The basic aluminium succinate is also charac- 
terised by 13C CP MAS NMR to confirm its 
structure and its transformation into active alumi- 
nas upon calcination. 

Experimental 

Preparation 

Basic aluminium succinate was prepared from 
a solution containing 0.05 M aluminium chloride 
and 0.3 M succinic acid by precipitation from a 
homogeneous solution using urea (0.8 MI as hy- 
drolysing agent at 90-95°C under stirring. After 
the precipitation was complete (pH 6.6), the 
product was filtered and washed with distilled 
water until free of chloride ions and dried at 
110°C for 24 h 1181. The basic aluminium succi- 
nate was then calcined at temperatures ranging 
from 300 to 870°C for 5 h. The calcined samples 
were characterised by solid-state 27Al MAS NMR 
and 13C CP MAS NMR. 

Solid-state 27Al MAS NMR spectra have been 
recorded at 78.18 MHz using a Bruker CXP300 
spectrometer (magnetic field 7.05 7) in a fre- 
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Fig. 1. 13C CP static and MAS NMR spectra of basic alu- 
minium succinate dried at 110°C. 

quency range of 100 kHz, a IT/S pulse duration 
of 1 ~LS and a pulse repetition frequency of 5 Hz. 
MAS of the sealed samples was performed in 
quartz rotors at a frequency of 4 kHz. Chemical 
shifts are given relative to Al(H,O)i+. The 13C 
CP MAS NMR spectra of basic aluminium succi- 
nate and the products of calcination at higher 
temperatures have been recorded at 75.43 MHz 
with spinning at 1.15 kHz. 

Results and discussion 

13C CP MAS NMR 

The 13C CP MAS NMR spectrum of the pre- 
cipitated basic aluminium succinate sample dried 
at 110°C in Fig. 1 consists of two lines from 

0 

O-E- and - CH,- carbon atoms. The first has 
an axial anisotropy of a-tensor with u,,, uI , 

0 

which are different from those of the O-e- 



P. Kanta Rao et al. / Solid State Nucl. Magn. Reson. 3 (1994) 39-42 41 

carbon atom in succinic acid which has three-fold 
anisotropy of u-tensor with (To = 276, (TV = 196 
and o, = 123 ppm. The line from the -CH,- 
carbon atom has nearly axial anisotropy with ais 
= 32 ppm in both succinic acid and aluminium 
succinate. The difference in the chemical shift 
parameters for succinic acid and aluminium suc- 

FI 
cinate indicates the bonding of Al to the 0 -C- 
carbon atom. This is an important observation 
from 13C CP MAS NMR of basic aluminium 
succinate. Samples heated at elevated tempera- 
tures (400-870°C) did not give 13C spectra. These 
findings are in agreement with the results of IR 
spectra of aluminum succinate calcined at differ- 
ent temperatures. 

2?41 MAS NMR 

27Al NMR spectra of different thermally 
treated samples are given in Fig. 2. The spectra 
depend on the temperature of the sample treat- 
ment. The spectrum of basic aluminium succinate 
dried at 110°C measured without MAS is typical 
of second-order quadrupole splitting, which indi- 
cates a highly distorted environment of Al nuclei. 
Parameters of the spectra were found by compar- 
ison with the spectra calculated for a combination 
of the quadrupole coupling constant e’qQ/h, 
asymmetry parameter 17 and isotropic chemical 
shift S. They are S = 58 ppm, e*qQ/h = 4.5 MHz 
and 77 = 0.8. The chemical shift value is typical 
for Al in a tetrahedral oxygen environment. This 
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TABLE 1 

Chemical shift values of samples calcined in air at various temperatures 

- ZOO -zoo 
b pm 

Fig. 2. Solid-state “Al MAS NMR spectra of aluminas de- 
rived from basic aluminium succinate calcined at different 
temperatures. (1) Basic aluminium succinate dried at 110°C 
and calcined at (2) 3OO”C, (3) 4Oo”C, (4) 5WC, (5) 6OO”C, (6) 
7OO”C, (7) SOO”C, (8) 870°C (sample No. 1 was measured 
without MAS). 

Sample 
No. 

Sample XRD data Calcination 
temperature 
(“C) 

Observed chemical shift value (ppm) 

Tetrahedral Octahedral 

1 Al-110 Basic aluminium succinate 110 58.0 _ 

2 Al-300 Basic aluminium succinate 300 55.1 0.60 
3 Al-400 Amorphous 400 53.1 1.25 
4 Al-500 Amorphous 500 58.0 1.25 
5 Al-600 Y-AW, 600 60.0 2.80 
6 Al-700 Y-40, 700 60.5 3.70 
7 Al-800 Y-WA 800 56.1 3.10 
8 Al-870 Y-W% 870 55.6 1.25 
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indicates that all aluminium in basic aluminium 
succinate is four-coordinate. 

An increase of the treatment temperature re- 
sults in the appearance of two lines at w 1 ppm 
and at _ 60 ppm. The first can be attributed to 
AI in octahedral coordination, the second to Al in 
a tetrahedral environment. The broad line at the 
background of these narrow signals can be at- 
tributed to Al in a highly distorted amorphous 
environment [20]. As the temperature of the 
treatment increases, the intensities of the lines 
from tetrahedral and octahedral Al increase while 
the intensity of a broad line from the amorphous 
phase decreases. After treatment at 7OO”C, nar- 
row lines from octahedral and tetrahedral Al 
remain, while the intensity of the broad line from 
amorphous Al is greatly diminished. 

Chemical shift values of tetrahedral and octa- 
hedral Al measured from 27Al MAS NMR spec- 
tra, along with XRD data of aluminas derived 
through calcination of basic aluminium succinate 
at different temperatures are listed in Table 1. 

Solid-state 27Al NMR has allowed us to char- 
acterize X-ray amorphous samples of aluminas 
(calcined at 400 and 500°C). XRD of the sample 
calcined at 300°C shows the presence of basic 
aluminium succinate, which means that at this 
temperature the conversion to amorphous alu- 
mina is only partial. Octahedral coordination be- 
gins to appear in this sample. The spectra allow 
us to determine the coordination state of alu- 
minium in the amorphous samples and revealed 
the closeness of chemical shifts in amorphous and 
crystalline samples. 

The changes in the solid-state 27Al MAS NMR 
spectra of samples upon variation of the treat- 
ment temperature reflect the crystallisation of 
alumina from the amorphous complex of Al suc- 
cinate with distorted tetrahedral environment. 
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