Characterization of hydroxyl groups in zeolite defects using advanced
temperature-programmed desorption
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Zeolites are crystalline aluminosilicates that have a wide range of applications, including solid catalysts,
adsorbents, and separation membranes. In zeolites, hydroxyl groups exist in various forms, including
Brgnsted acid sites (BAS), isolated hydroxyl groups, and hydroxyl groups in defects (Fig. 1a). Despite their
significant impact on zeolite performance, it has been challenging to quantify and qualify each of them by
conventional FT-IR and *H NMR methods [1,2]. Notably, hydroxyl groups in defects that are hydrogen-
bonded to each other exhibit broad bands, making it difficult to assign clear peaks and perform absolute
guantification. In this study, we propose employing advanced temperature-programmed desorption (TPD)
heating up to 1600 °C under vacuum as a new analytical method to qualitatively and quantitatively analyze
hydroxyl groups in zeolite defects. Fig. 1b shows the TPD profile of dealuminated Mordenite (DeAl) in
which hydroxyl groups in defects were generated by partly removing aluminum in the original Mordenite.
H.O desorption was observed above 300 °C, and H, desorption started at temperatures above 600 °C, with
complete elimination of all hydrogen by 1600 °C. The increase in the amount of OH groups due to
dealumination determined by TPD was 1882 umol/g. Considering the amount of Al removal determined
by inductively coupled plasma (ICP) analysis, 2.4 hydroxyl groups per one Al defect on average were
formed. Combined with the FT-IR results and DFT simulations, we found that pairs of hydroxyl groups
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Fig. 1 (a) Hydroxyl groups in defects. (b) TPD profile of DeAl.
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