The elliptical uneven decagons forming the channels  

In the a-c projections in Figs. 1, 2, 4, S1, and 7, we can see that the channels of the wightmanite structure have the unusual form of an elliptical decagon formed by ten Ohx–Hx hydroxyls. However, the hydroxyl groups are not on the same level, alternating in a higher and lower (y) position around the decagon (* means the same atom but with a different y coordinate). Thus in angle H3–H4–H3* of 75.34° (Fig. 4b), H3 exists twice, respectively on a higher and lower (y) level, with H4 placed at an intermediate level. The other angles of the decagon have similar values except H2–H1–H2* being with 85.03° the largest. Furthermore atoms H4, H5, H4’, H5’ form a near rectangle. The distance H4–H5 of 3.683 Å is about half the long distance H1’–H2 of 7.226 Å (Fig. S1b). The two planes [H4, H5, H4’, H5’] and [H4, H5, H4’*, H5’*] form a wedge with an opening angle of 44.51° (Fig. 4b). Atoms Ow1 and Ow2 situated in this wedge display strong anisotropic displacement.
In Fig. 4a the Ohx of the hydroxyls form a similar but somewhat larger decagon than the one formed by the Hx hydrogens and at larger distance from the channel the Mg atoms form also decagons of a quite different shape with high and low (y) positions. The Mg decagon has a more typical elliptical form and its summits are clearly rotated with respect to the long axes of the Ohx and Hx decagons. It is furthermore interesting to observe at the narrow part of the elliptical decagon, significant smaller angles and distances (Tables S1, S2 and Fig 4a). Thus in tables S1 and S2 the angles Oh4–Oh2–Oh1 and H4–H2–H1 of 93.6 and 78.6 °, and equally the  distances Oh1…Oh2 and H1…H2 of 2.842 and 2.292 Å, are the smallest angles and distances around the channel. This shrinkage, can be assumed to be in relation to a hindrance and possibly be an indication of tension in the channels and the structure of wightmanite. 

Two overlying planar pentagons in the channels

In Fig. S1b we can observe that atoms H1’, H4’, H5’, H2, H3 (red line) at the higher (y) level and atoms H1, H4, H5, H2’, H3’ (blue line) at lower (y) level form two identical planar pentagons, pointing in opposite direction. The angles (red line) of the pentagon summits H3, H4’ and H5’ are around 123°, whereas those of summits H2 and H1’ are about 85°. 
The Ohx hydroxyl groups form similar, larger and coplanar pentagons (Fig. S1a). 
Distances H1’, H2 and H1, H2’of the pentagons (red and blue arrows in Fig. S1b) are 7.226 Å and thus the longest between H and H in the plane of the channels. The strongly anisotropically refinded Ow1 and Ow2 of the zeolitic water oscillate in a plane perpendicular to {101} and parallel to the red and the blue arrows in Fig. S1b.
Further away from the channel the Mg atoms form also a pentagon (Fig. S1a), at the same (y) level, but of a very different shape and orientation than the pentagons formed by Hx and Ohx of the hydroxyls. 1) The pentagons formed by the Mgx are notably rotated as compared to pentagons Hx and Ohx. 2) The form of the Mgx pentagons is very different to those of Hx and Ohx, thus for example the Mgx pentagon, with a small angle at the Mg3 summit of 92.95° differs markedly from the Hx pentagon with the large angle of 122.58 ° at the H3 summit.
The decagon formed by all Hx atoms, at different (y) level is shown in Fig. S1c. The five Hx atoms of the lower (y) level pentagon (Fig. S1c) form the summits of five triangles of very different shape. Thus we have: 1) two quite irregular triangles with angles at the summits H1* and H2’* of 88.83° and 78.61°, 2) a rather symmetric triangle with angle at H3’* of 91.13° and 3) two also quite regular triangles with bigger angles at H4* and H5* of 105.32° and 106.65°. All angles of these triangles are listed in Table S3, where angles on the right side in Fig. S1c are marked with R and those on the left side with L. Furthermore, it can be observed that the 5 sides of the upper pentagon (blue line) correspond to the base of the 5 triangles showing two unequal angles on the right (R) and on the left (L) side. The angles on the right side of the triangles are different from those on the left side, which may indicate a sort of chirality in the channel.

Tables

TABLE S1. DISTANCES AND ANGLES AROUND THE CHANNEL: Mgx….Mgy,  Mgx–Ohx–Mgy VARY IN A SIMILAR WAY, WHEREAS ANGLES Mgx–Ohy–Hy, Ohx–Ohy–Ohz and Hx–Hy–Hz VARY IN AN OPPOSITE DIRECTION
	Mgx…Mgy 
	(Å)
	Mgx–Ohx–Mgy
	(°)
	Mgx–Ohx–Hx 
	(°)
	Ohx – Ohy – Ohz 
	(°)
	Hx – Hy – Hz
	(°)

	Mg5 .. Mg3
	3.550
	Mg5–Oh1–Mg3
	121.29
	Mg5–Oh1–H1
	106.10
	Oh5’ – Oh1 – Oh2
	99.34
	H5 – H1 – H2
	88.83

	
	
	
	
	Mg3–Oh1–H1**
	101.71
	
	
	
	

	Mg3.. Mg4
	3.580
	Mg3–Oh2–Mg4
	123.67
	Mg3–Oh2–H2
	106.60
	Oh1 – Oh2 – Oh4
	93.61
	H1 – H2 – H4
	78.61

	
	
	
	
	Mg4–Oh2–H2**
	94.37
	
	
	
	

	Mg4...Mg1
	3.102
	Mg4–Oh4–Mg1
	99.59
	Mg4–Oh4–H4
	118.67
	Oh2 – Oh4 – Oh3
	115.21
	H2 – H4 – H3
	105.35

	
	
	
	
	Mg1–Oh4–H4**
	117.95
	
	
	
	

	Mg1…Mg2
	3.523
	Mg1–Oh3–Mg2
	120.40
	Mg1–Oh3–H3
	105.55
	Oh4 – Oh3 – Oh5
	101.67
	H4 – H 3 – H5
	91.13

	
	
	
	
	Mg2–Oh3–H3**
	104.64
	
	
	
	

	Mg2…Mg5
	3.105
	Mg2–Oh5–Mg5
	99.93
	Mg2–Oh5–H5
	116.58
	Oh3 – Oh5 – Oh1’
	115.26
	H3 – H5 – H1
	106.65

	
	
	
	
	Mg5–Oh5–H5**
	121.54
	
	
	
	


(’) Atoms related by center of symmetry and not identical 
(**) Angles only present once the other one are present twice 

TABLE S2. DISTANCES Mgx..Ox, Mgx..Ohx, AND ANGLES Ohx–Mgx–Ohy ARE PART OF THE MG CENTERED OCTAHEDRI. COMPARING DISTANCES Ohx..Ohy and Hx..Hy, THOSE BETWEEN HYDROGENS ARE NOTABLY SMALLER
	Mgx – Ox 
	(Å)
	Mgx – Ohx 
	(Å)
	Ohx–Mgx–Ohy 
	(°)
	Ohx..Ohy [D] 
	(Å)
	Hx..Hy 
	(Å)

	Mg5–O1
	2.172
	Mg5–Oh1           
	2.038         
	Oh5’– Mg5–Oh1
	92.21
	Mg5–O1
	2.172
	H5’.. .H1       
	2.585

	Mg5–O3
	2.062
	Mg5–Oh5’**     
	2.007
	
	
	
	
	
	

	Mg3–O5
	2.123
	Mg3–Oh2          
	2.026
	Oh1–Mg3–Oh2
	88.84
	Oh1…Oh2       
	2.842
	H1…H2
	2.292

	Mg3–O5*   
	2.119
	Mg3–Oh1**       
	2.035
	
	
	
	
	
	

	Mg4–O4
	2.124
	Mg4–Oh4
	2.045
	Oh2–Mg4–Oh4
	93.22
	Oh2…Oh4      
	2.924
	H2…H4       
	2.573

	Mg4–O2
	2.176
	Mg4–Oh2**
	1.978
	
	
	
	
	
	

	Mg1–O2
	2.174
	Mg1–Oh3
	2.040
	Oh4–Mg1–Oh3
	91.84
	Oh4…Oh3 
	2.914
	H4…H3
	2.535

	Mg1–O4
	2.064
	Mg1–Oh4**
	2.016
	
	
	
	
	
	

	Mg2–O3
	2.129
	Mg2–Oh5
	2.048
	Oh3–Mg2–Oh5
	92.69
	Oh3…Oh5     
	2.943
	H3…H5
	2.623

	Mg2–O1
	2.185
	Mg2–Oh3**
	2.020
	
	
	
	
	
	


(’) Atoms related by center of symmetry and not identical
(*) The two O5 atoms are symmetry related and not identical
(**) Distance and angle only present once, the other ones are present here twice

TABLE S3. AS SEEN IN FIG. S1C IN TRIANGLES Hy–Hx–Hz, THE ANGLES (°) AT THEIR SUMMIT, ON THE RIGHT AND ON LEFT SIDE ARE GIVEN HERE WHERE ALL ANGLES ON THE LEFT AND RIGHT SIDE DIFFER DISTINCTLY
	Angles Hy–Hx–Hz 
Summit
	(°)
	Angles Hx–Hy–Hz
R: right side
	(°)
	Angles Hx–Hz–Hy
L: left side 
	(°)  

	H5’–H1–H2             
	88.83
	H1–H5’–H2              
	42.08
	H1–H2–H5               
	49.09

	H2–H4–H3             
	105.32
	H4–H2–H3
	37.01
	H4–H3–H2
	37.67

	H3–H5–H1’            
	106.65
	H5–H3–H1’
	36.37
	H5–H1’–H3
	36.99

	H1’–H2’–H4’ 
	78.61                         
	H2’–H1’–H4’
	54.74
	H2’–H4’–H1            
	46.66

	H4’–H3’–H5’
	91.13
	H3’–H4’–H5’            
	45.40
	H3’–H5’–H4’           
	43.48


(’) Atoms related by center of symmetry and not identical

TABLE S4. DISTANCES AND ANGLES OF HYDROGEN BONDS FORMED BETWEEN HYDROXYL GROUPS OF CHANNEL WALL AND DELOCALIZED OXYGENS Ow1 AND Ow2 OF THE ZEOLITIC WATER IN CHANNELS
	Hx..Ow1/Ow2 [d]
	(Å)
	Ohx – Hx – Ow1/Ow2 [ϴ] 
	(°)
	Ohx..Ow1/Ow2 [D] 
	(Å)
	Hx – Ow1/Ow2 –Hy’
	(°)

	H4…Ow1
	2.534
	Oh4 – H4 – Ow1
	142.07
	Oh4…Ow1
	3.241
	
	

	H4’…Ow2
	2.310
	Oh4’– H4’ – Ow2
	173.97
	Oh4’…Ow2
	3.150
	H4 – Ow1 – H5’
	115.65

	H5…Ow2
	2.682
	Oh5 – H5 – Ow1
	144.56
	Oh5…Ow2
	3.370
	H4’ – Ow2 – H5
	109.81

	H5’…Ow1
	2.295
	Oh5’– H5’ – Ow1
	169.08
	Oh5’…Ow1
	3.089
	
	

	
	
	
	
	
	
	
	

	H3…Ow1
	2.714
	Oh3 – H3 – Ow1
	172.25
	Oh3….Ow1
	3.501
	
	

	H3…Ow2
	2.883
	Oh3 – H3 – Ow2
	157.64
	Oh3….Ow2
	3.629
	
	

	H3’...Ow1
	3.520
	Oh3’– H3’ – Ow1
	144.56
	Oh3’…Ow1
	4.192
	
	

	H3’…Ow2
	3.282
	Oh3’– H3’ – Ow2
	151.73
	Oh3’…Ow2
	3.998
	
	

	
	
	
	
	
	
	
	

	H1…Ow1 
	3.234      
	Oh1 – H1 – Ow1
	150.94
	Oh1…Ow1
	3.959
	
	

	H1’…Ow2
	2.970
	Oh1’– H1’ – Ow2
	169.19
	Oh1’…Ow2
	3.765
	
	

	H2…Ow1
	2.979
	Oh2 – H2 – Ow1
	165.18
	Oh2…Ow1
	3.711
	
	

	H2’…Ow2
	3.590
	Oh2’ – H2’– Ow2
	152.02
	Oh2’…Ow2
	4.268
	
	


(’) Atoms related by center of symmetry and not identical

[bookmark: _GoBack][image: ]
Fig. S1. A) Ohx and Hx atoms forming two quite similar a-c parallel pentagons (red line/blue plane). Mg atoms form a bigger coplanar pentagon (blue line) of different form an orientation, the summit pointing upwards. B) Planar pentagon formed by hydrogens H1’, H3, H2, H5’, H4 (red line) with summit pointing to the right and pentagon H1, H4, H5, H2’, H4’ (blue line) and at a lower (y) level pointing to the left. The longest distance between hydrogens H2 to H1’ and H1 to H2’ in the channels is 7.226 Å (red and blue arrows). C) In Fig. S1c the decagon is formed by joining all 10 Hx of the red and blue pentagons shown in Fig. S1b. The Hx atoms of the pentagon at lower (y) (red line), form the summits of 5 triangles with angles varying from 78.61 to 106.65 °. The sides of the pentagon at the higher (y) (blue line) form the 5 upper sides of 5 triangles, forming thus the upper two angles of each triangle, one the left (L) and one on the right (R) side.
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