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The so-called ZSM-5 zeolites have a MFI-type structure, and are characterized by an 

Al-doped siliceous framework (Fig. 1), with the Si/Al ratio ranging from 10 to infinity; 

when this ratio exceeds 1000, the zeolite is typically known as “Silicalite-1”. The ZSM-

5 zeolites exhibit a complex polymorphism, as they may crystallize either in the 

orthorhombic P212121 space group, or in the more common orthorhombic Pnma and 

even in the monoclinic P21/n11 space groups (usually referred to as ORTHO and 

MONO, respectively). A monoclinic (P21/n11)-to-orthorhombic (Pnma) phase 

transition (hereafter MOPT) has been reported in ZSM-5 zeolites,
1,2

in response to 

different variables.

Figure 1. (left) The MFI- framework (oxygen atoms in 

red, silicon atoms in blue) viewed down [010].

Figure 2. (right) Merging of the diagnostic reflection 

due to the MOPT at high pressure.
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Several variables, such as temperature, pressure, framework chemistry, concentration of 

defects, as well as the nature and the concentration of the sorbate, may stabilize the 

Pnma or the P21/n polymorphs.
3-6

In particular, the temperature and pressure at which 

the MOPT occurs largely depends on the framework composition. In order to obtain 

new insights into the mechanism of the MOPT at varying chemical and pressure 

conditions, we synthesized six chemically distinct MFI-zeolites, with framework-Si 

partially replaced by Al or B (counterbalanced by Na or H as extra-framework cations, 

see Tab. 1). Then, by in situ synchrotron X-ray powder diffraction experiments with a 

diamond-anvil cell, the high-pressure behavior of the synthesized MFI-zeolites has been 

studied using methanol and silicone oil as pressure-transmitting fluids. All the 

investigated zeolites crystallized in the monoclinic P21/n11 space group and 

experienced the MOPT during compression. The Na-Silicalite-1 (Table 1), for example, 

underwent the monoclinic-to-orthorhombic phase transition at ~ 0.5 GPa in silicone oil 

and at ~ 0.4 GPa in methanol. A preliminary analysis suggests that, when compressed in 

the non-penetrating silicone oil, the doped MFI zeolites experience the MOPT at lower 

pressures than the Na-SiO2 silicalite.

Table 1. Chemical composition of investigated materials.

Sample Chemical fomula Sample Chemical fomula

Na-Al-MFI Na2.51Al0.81Si95.19O192 H-B-MFI Na0.02B1.20Si94.80O192

H-Al-MFI Na0.05Al0.87Si95.13O192 Na-Fe-MFI Na1.31Fe0.89Si95.11O192

Na-B-MFI Na2.84B1.35Si94.65O192 Na-Silicalite-1 Na3.37Si96O192

References:
1
Fyfe, C. A.; Kennedy, G. J.; De Schutter, C. T.; Kokotailo, G. T. J. Chem. Soc. Chem. 

Commun. 1984, 541–542.
2
Kokotailo, G. T.; Fyfe, C. A.; Kennedy, G. J.; Gobbi, G. C.; Strobi, H.; Pasztor, C. T.; 

Barlow, G. E.; Bradley, S.; Murphy, W. J.; Ozubko, R. S. Pure Appl. Chem. 1986, 58,

1367–1374.
3
Klinowski, J.; Carpenter, T. A.; Gladden, L. F. Zeolites 1987, 7 (1), 73–78.

4
van Koningsveld, H.; Jansen, J. C.; van Bekkum, H. Zeolites 1990, 10 (4), 235–242.

5
Wu, E. L.; Lawton, S. L.; Olson, D. H.; Rohrman, A. C.; Kokotallo, G. T. J. Phys. 

Chem. 1979, 83 (21), 2777–2781.
6
Quartieri, S.; Arletti, R.; Vezzalini, G.; Di Renzo, F.; Dmitriev, V. J. Solid State Chem. 

2012, 191, 201–212.


