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Modification of the Surface Acidity of y-Alumina 

Catalytic activity is considered to depend 
strongly upon the surface acidity (I). Titra- 
tion with amines and indicator adsorption 
have been used to determine the surface 
acidity of oxide catalysts (2, 3). Electronic 
spectra of adsorbed Hammett indicators 
(4), photoacoustic spectroscopy (5), and ir 
spectroscopy (6, 7) are also currently em- 
ployed to estimate the acid sites on surfaces 
of oxides and supports. 

upon the solid remained constant, forma- 
tion of a monolayer of base upon the acid 
sites with equal or lower ph-,‘s was as- 
sumed (8, 9). 

Applying the equation of a Langmuir iso- 
therm: 

We report here the modification of the 
acid sites on surfaces of several samples of 
y-A1203 by acid treatment. We have carried 
out a quantitative determination of their 
acid site content by means of a spectropho- 
tometric method (8, 9) using pyridine and 
quinoline as titrants. All chemicals were re- 
agent-grade, samples were prepared from a 
Girdler r-A&O, with a BET surface area of 
188 m2 g-t and a pore volume of 0.39 cm3 
Et -I. y-A&O3 samples (4.5 g) were treated 
with distilled water (60 cm3) at pH 7.00 in 
the case of nonprotonated y-A1203, or with 
standardized solutions of HN03 (60 cm3) at 
different concentrations in the case of pro- 
tonated Y-A1203, always with stirring for I2 
h. Suspensions were filtered, and solids 
were dried under vacuum at 393 K for 12 h. 
(Drying at temperatures between 393 and 
723 K resulted in similar acid site content of 
equal or lower ply,‘s than pyridine or 
quinoline.) These dry and protonated y- 
A&O3 samples modify the physical charac- 
teristics and catalytic activity of supported 
metal catalysts for ammonia synthesis by 
comparison with a dry nonprotonated y- 
A1201 (IQ). 

c/x = l/(bX,) + c/x, (1) 

where C = concentration of nonadsorbed 
base (measured by uv spectrophotometry) 
in equilibrium with the adsorbed base upon 
the solid, X = adsorbed base per gram of 
solid, b = constant, X,,, = adsorbed base 
per gram of solid in monolayer conditions 
(assuming all of the acid sites are occupied 
by the titrant), we plotted C/X versus C. 

3 

The quantitative determination of the 
acid site content of either nonprotonated y- 
A&O3 or the protonated y-Alz03 was fol- 
lowed by uv spectrophotometry with cyclo- 
hexane solutions of pyridine or quinoline as 
titrants. As soon as adsorption of the titrant 

FIG. I. Titration of acid sites of pretreated y-A&O3 
samples, plotted according to Eq. (I). y-A&O, was pre- 
treated with: 0, distilled HzO; 0, 500 pmole H+ g-’ 
y-A&O,; ~3, 5000 Fmole H+ ’ g-l y-A1203. Solid sym- 
bols = pyridine, open symbols = quinoline. 
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FIG. 2. Plot of X,,, against pmole H+ added to y-A1203 samples, using the following titrants: 0 
pyridine, 0 quinoline. 
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