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A new germanosilicate zeolite (denoted as ITQ-53) with 

extra-large pores has been synthesised using tri-

tertbutylmethylphosphonium cation as the organic structure 

directing agent (OSDA). Rotation electron diffraction (RED) 

was used to identify ITQ-53 from an initially-synthesised 

sample containing impurities, and to solve the structure of 

ITQ-53 from a micrometer-sized crystal. The structure was 

refined against PXRD data of pure ITQ-53 samples obtained 

after synthesis optimisation. ITQ-53 is the first example of 

extra-large pore zeolites with tri-directional interconnected 

14 × 14 × 14-ring channels. It is built from double 3-rings 

(D3Rs), double 4-rings (D4Rs), and a new composite building 

unit [42.54.63]. D3Rs are very rare, previously only found in 

two zeolitic silicogermanates. ITQ-53 is stable up to at least 

450 °C. The structure of ITQ-53 changes from monoclinic to 

orthorhombic up on calcination. 
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Scheme 1 The organic structure directing agent used for the synthesis of ITQ-53. 

 
Fig. 1 (a) 3D reciprocal lattice of ITQ-53 reconstructed from the RED data 

showing c-centering. Insert is the TEM image of the crystal from which the RED 

data was collected. (b-d) (0kl) (b), (h0l) (c) and (hk0) (d) planes cut from (a). The 

reflection conditions can be deduced from the RED data as hkl: h + k = 2n, 0kl: k = 

2n, h0l: h = 2n and l = 2n, hk0: h + k = 2n, and h00: h = 2n. The possible space 

groups are Cc, C2/c, Cmc21, C2cm and Cmcm. 
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Fig. 2 Observed (red points) and calculated (black) PXRD profiles, as well as the 

difference between the observed and calculated profiles (blue) for the Rietveld 

refinement of the as-synthesised pure ITQ-53 (λ = 1.5418 Å). The higher-angle 

data have been scaled up by 11 times (inset) to show the good fit between the 

observed and calculated patterns. 

 
Fig. 3 Construction of the framework structure of the calcined ITQ-53. (a) D3R, 

D4R, and the new [42.54.63] CBU. (b) The 32T unit built from two [42.54.63] CBUs. 

(c) Connectivity of the 32T units. Each 32T unit connects to other four 32T units 

via D4Rs to form a 14-ring layer in the ab plane (d). (e-f) The 3D framework 

structure of ITQ-53 viewed along (e) [001] and (f) [1-10] directions. The 14-ring 

layers are connected via D3Rs. Straight 14-ring channels are formed along [001], 

[1-10] and [110] directions. Only the T-T connections and the terminal OH groups 

(in red) are shown for clarity.  

 

 
Fig. 4 Comparison of framework structure of (a-c) ITQ-53 and (d-f) UTD-1 (DON), 

as represented using the T-T connections. The 14-ring layers in (a) ITQ-53 and (d) 

UTD-1 are similar in projection, but the orientations of the tetrahedra are very 

different. In ITQ-53, 10 of the 14 TO4 tetrahedra forming the 14-ring are pointed 

to the same direction (up: black and down: red); while in UTD-1, the TO4 

tetrahedra are pointed alternatively up and down. In UTD-1, the layers are 
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directly connected and no channels are formed in parallel to the layers; while in 

ITQ-53, two layers are connected to form a double layer, which are further 

connected via D3Rs so that 14-ring channels are formed in parallel to the layers. 
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