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Luminescence experiments have been used to distinguish BrGnsted and Lewis sites in alumina and zeolite catalysts. 

We report here that luminescence methods can be used to 
study acid-base adduct formation in alumina and zeolite 
catalysts. All solid supports were evacuated at elevated 
temperatures between 400 and 600 "C to pressures of less than 
1 x 10-4 Torr (1 Torr = 133.322 Pa) prior to sorption of 
pyridine at room temperature. Samples were then evacuated 
at 50 "C intervals from 50 "C up to the calcination temperature 
and luminescence spectra were recorded.1.2 The same sample 
was analysed throughout these studies in an in situ cell that was 
weighed before each experiment and after each thermal 
treatment. 

Alumina, zeolite NH4Y and zeolite NH4 mordenite were 
studied. The luminescence emission spectra are shown in 
Fig. 1 for alumina, zeolite NH4Y and zeolite NH4 mordenite 
dehydrated at 400 "C, exposed to pyridine vapour and 
subsequently evacuated at 300°C. Alumina has a broad 
luminescence spectrum particularly in the 380-550 nm region 
which is due to phosphorescence of bound pyridine. The 
luminescence band 300-360 nm is due to fluorescence of 
bound pyridine. In the case of NH4Y zeolite both of these 
bands are present with the lower wavelength being more 
intense than the higher (phosphorescence) band. For NH4 
mordenite both bands are present with approximately the 
same intensities. 

The mordenite and Y zeolite samples have relatively broad 
fluorescence bands and a maximum intensity near 340 nm 
whereas the alumina sample has a maximum that is closer to 
330 nm. 

Fig. 2 shows luminescence spectra for the same three 
samples that have been dehydrated to 600°C prior to room 
temperature adsorption of pyridine followed by evacuation at 
400°C. Here the Y zeolite and alumina samples only show a 
fluorescence band, whereas the mordenite sample shows some 
fluorescence and phosphorescence. A second fluorescence 

maximum for zeolite Y and mordenite occurs at 334 and 340 
nm, respectively. 

These data are qualitatively in line with observations made 
from IR and catalytic methods used to study acidity in solid 
supports.l-11 The fluorescence band centred on 325 nm is 
assigned to Lewis sites whereas the fluorescence band near 340 
nm is assigned to Bronsted sites. In addition, the phosphores- 
cence band appears to predominantly reflect BrQnsted sites. 

The phosphorescence region has at least two peaks one 
centred around 430 nm and another near 480 nm. It is possible 
that the lower wavelength band again reflects Lewis acidity 
whereas the higher wavelength reflects Bronsted acidity 
similar to the fluorescence region. The qualitative trends for Y 
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zeolite show that dehydration at 400°C leads to both Lewis 
and BrGnsted sites, whereas 600 "C dehydration gives pre- 
dominantly Lewis sites. In the case of alumina, Lewis sites are 
predominant at both dehydration temperatures. For mor- 
denite, the luminescence bands are quite broad and intense in 
all regions, suggesting that both Lewis and Brgnsted sites 
having a range of strengths are present. 

Another intriguing possibility is that alumina shows five 
bands in the phosphorescence region at 375,410,440,470 and 
520 nm. These bands may be the five different hydroxy groups 
on alumina proposed by Peri.9 If so, then the phosphorescence 
region could show the different types of hydroxy groups, some 
of which are not acidic for such supports. In fact, this 
alternative more satisfactorily explains the reduction in 
intensity in the phosphorescence region of the Y zeolite after 

600 "C dehydration, as well as the structure and intensity of the 
phosphorescence of the mordenite sample. 

These data are consistent with known trends in acidity for 
alumina, and zeolites Y and mordenitelo as well as 
homogeneous solutions.12J3 In fact, catalytic data for mor- 
denitell.14 suggest that Lewis acid sites are important in 
cracking reactions for samples dehydrated to 400 "C. 
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