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Table SI1. Atomic coordinates, fraction and Atomic Displacement Parameters of framework and extraframework atoms of L-LTL.
	[bookmark: _Hlk126235872]Site
	x/a
	y/b
	z/c
	Fraction
	Ui/Ue*100

	KB
	2/3
	1/3
	1/2
	1.0(1)
	1.72(2)

	KC
	1/2
	0.0
	1/2
	1.0(1)
	3.32(2)

	KD
	0.2993(1)
	0.0
	0.0
	0.85(1)
	8.17(3)

	Al1
	0.0933(6)
	0.3570(10)
	1/2
	0.30(1)
	1.12(3)

	Si1
	0.0933(6)
	0.3570(10)
	1/2
	0.70(1)
	1.12(3)

	Si2
	0.1657(6)
	0.4983(2)
	0.2102(13)
	0.78(1)
	1.12(3)

	Al2
	0.1657(6)
	0.4983(2)
	0.2102(13)
	0.22(1)
	1.12(3)

	O1
	0.0
	0.2709(13)
	1/2
	1.0
	1.18(3)

	O2
	0.1639(13)
	0.3278(26)
	1/2
	1.0
	1.18(3)

	O3
	0.2642(8)
	0.5285(17)
	0.2530(35)
	1.0
	1.18(3)

	O4
	0.1007(10)
	0.4122(8)
	0.3255(19)
	1.0
	1.18(3)

	O5
	0.4247(2)
	0.8493(4)
	0.2730(25)
	1.0
	1.18(3)

	O6
	0.1443(18)
	0.4760(18)
	0.0
	1.0
	1.18(3)

	W1
	0.0657(11)
	0.0
	0.0
	0.22(4)
	12.67(3)

	W2
	0.1258(10)
	0.2517(13)
	0.0
	0.95(3)
	12.67(3)

	W3
	0.1295(13)
	0.0
	0.2486(9)
	0.58(3)
	12.67(3)

	W4
	0.1189(10)
	0.0
	1/2
	0.64(2)
	12.67(3)

	W5
	0.0
	0.0
	1/2
	0.09(4)
	12.67(3)
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Table SI2. Atomic coordinates, fraction and Atomic Displacement Parameters of framework and extraframework atoms of ND4-LTL.
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	x/a
	y/b
	z/c
	Fraction
	Ui/Ue*100

	KB
	2/3
	1/3
	1/2
	1.0(1)
	4.20(1)

	Si1
	0.0957(6)
	0.3635(8)
	1/2
	0.70(1)
	1.74(1)

	Al1
	0.0957(6)
	0.3635(8)
	1/2
	0.30(1)
	1.74(1)

	Si2
	0.1646(5)
	0.5005(6)
	0.2076(10)
	0.78(1)
	1.74(1)

	Al2
	0.1646(5)
	0.5005(6)
	0.2076(10)
	0.22(1)
	1.74(1)

	O1
	0.0
	0.2900(13)
	1/2
	1.0
	1.62(2)

	O2
	0.1747(4)
	0.3493(8)
	1/2
	1.0
	1.62(2)

	O3
	0.2625(7)
	0.5251(13)
	0.2292(20)
	1.0
	1.62(2)

	O4
	0.1095(9)
	0.4204(7)
	0.3286(8)
	1.0
	1.62(2)

	O5
	0.4359(4)
	0.8718(7)
	0.2630(4)
	1.0
	1.62(2)

	O6
	0.1412(5)
	0.4780(4)
	0.0
	1.0
	1.62(2)

	N1
	1/2
	0.0
	1/2
	0.98(1)
	1.25(2)

	N2
	0. 294(2)
	0.0
	0.0
	0.48(1)
	1.25(2)

	N3
	0.125(4)
	0.250(7)
	0.0
	0.17(1)
	1.25(2)

	N4
	0.137(1)
	0.068(3)
	0.318(2)
	0.16(1)
	1.25(2)
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Table SI3. Atomic coordinates, fraction and Atomic Displacement Parameters of framework and extraframework atoms of D-LTL.
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	x/a
	y/b
	z/c
	Fraction
	Ui/Ue*100

	KB
	2/3
	1/3
	1/2
	1.0(1)
	5.72(2)

	Si1
	0.09394(3)
	0.3575(7)
	1/2
	0.70(1)
	0.13(1)

	Al1
	0.09394(3)
	0.3575(7)
	1/2
	0.30(1)
	0.13(1)

	Si2
	0.1654(4)
	0.4964(7)
	0.2084(8)
	0.78(1)
	0.13(1)

	Al2
	0.1654(4)
	0.4964(7)
	0.2084(8)
	0.22(1)
	0.13(1)

	O1
	0.0
	0.2774(8)
	1/2
	1.0
	2.10(2)

	O2
	0.1654(5)
	0.3307(10)
	1/2
	1.0
	2.10(2)

	O3
	0.2633(7)
	0.5266(15)
	0.2371(43)
	1.0
	2.10(2)

	O4
	0.1070(7)
	0.4124(8)
	0.3228(12)
	1.0
	2.10(2)

	O5
	0.4359(6)
	0.8718(6)
	0.2630(8)
	1.0
	2.10(2)

	O6
	0.1411(18)
	0.4780(13)
	0.0
	1.0
	2.10(2)

	D1
	0.0600(6)
	0.5300(7)
	0.2527(5)
	0.58(1)
	8.80(1)

	D2
	0.0
	0.2124(11)
	1/2
	0.14(1)
	9.43(1)

	W1
	1/2
	0.0
	1/2
	0.52(1)
	3.51(2)

	W2
	0.2930(3)
	0.0
	0.0
	0.40(1)
	2.00(1)

















Table SI4. Framework and extraframework bond distances of L-LTL, ND4-LTL and D-LTL.
	Bond distances (Å) 
	L-LTL
	ND4-L
	D-LTL

	T1-O1
	1.662(9)
	1.670(8)
	1.615(10)

	T1-O2
	1.641(9)
	1.670(8)
	1.616(10)

	T1-O4 [x2]
	1.629(9)
	1.681(7)
	1.616(12)

	<T1-O>
	1.640
	1.674
	1.616

	T2-O3
	1.647(9)
	1.710(7)
	1.610(9)

	T2-O4
	1.680(8)
	1.670(6)
	1.618(9)

	T2-O5
	1.651(9)
	1.740(7)
	1.743(10)

	T2-O6
	1.637(13)
	1.700(9)
	1.620(12)

	<T2-O>
	1.654
	1.705
	1.648

	T-O-T angles (°)

	T1-O1-T1
	128.0(1)
	145.6(9)
	135.6(9)

	T1-O2-T1
	146.9(1)
	163.7(1)
	149.3(9)

	T2-O3-T2
	138.6(1)
	149.9(1)
	141.7(1)

	T1-O4-T2
	143.92(9)
	152.5(7)
	148.7(1)

	T2-O5-T2
	142.3(2)
	129.2(7)
	131.1(1)

	T2-O6-T2
	151.4(3)
	148.8(2)
	151.2(1)

	<T-O-T>
	141.8
	148.2
	149.9

	                  KB-O3 [x6]
	2.89(1)
	3.18(1)
	2.98(1)

	KC-O4 [x8]
	3.29(1)
	N1-O5 [x4]
	2.84(1)
	D2-O1
	1.19(6)

	KC-O5 [x4]
	2.95(1)
	N2-O6 [x2]
	3.20(1)
	D1-O5
	1.09(3)

	KD-O4 [x4]
	3.15(1)
	N2-N3 [x2]
	2.90(1)
	D1-W1[x4]
	2.09(1)

	KD-O6 [x2]
	3.01(1)
	N3-N4 [x2]
	3.00(1)
	W1-O5[x4]
	2.71(1)

	KD-W2 [x2]
	2.86(1)
	N4-N4 
	2.74(1)
	W2-O6[x2]
	3.07(1)

	   W1-W2 [x2]
	3.04(2)
	
	
	W2-O4[x4]
	3.20(1)

	W1-W3 [x2]
	2.22(1)
	
	
	
	

	W1-W3 [x4]
	2.79(1)
	
	

	W2-W3 [x4]
	2.96(1)
	
	

	W5-W3 [x12]
	3.05(1)
	
	

	W5-W4 [x6]
	2.20(2)
	
	

	W3-O1
	3.23(1)
	
	

	W4-O1
	2.80(1)
	
	





2. COMPUTATIONAL METHODS AND MODELS
First principles studies of D-LTL were performed adopting the experimentally determined cell parameters. The stoichiometry of the unit cell was K2[Al9Si27O108]D16D2 , while the simulation cell was doubled along the c direction. No symmetry constraints was imposed on the atomic positions, and only the cell was kept fixed. Electronic interaction was treated within the Density Functional Theory (DFT) adopting the PBE-D2 approximation. Norm Conserving pseudopotentials were used for K, Si and Al atoms, while ultra-soft pseudopotentials were used for O and H atoms.  Electronic states were expanded in plane waves using a kinetic energy cut off of 30 Ry (240 Ry for the electronic density). Periodic boundary conditions were adopted in all calculations.



Table SI5. Calculated fraction crystallographic coordinates (x, y, z) of D-LTL.
Atom Site  x/a      y/b      z/c
Si   T1     0.3467   0.2646   0.4797
Si   T1     0.0879   0.7372   0.5299
Si   T1     0.2561   0.9082   0.5210
Si   T1     0.7195   0.0952   0.4637
Si   T1     0.8934   0.2596   0.4616
Si   T1     0.9058   0.6535   0.4744
Si   T1     0.6340   0.7454   0.5237
Si   T1     0.6349   0.9109   0.5225
Si   T1     0.2504   0.3479   0.5453
Al   T1     0.0797   0.3474   0.5503
Al   T1     0.3456   0.0990   0.5196
Al   T1     0.7325   0.6412   0.4710
Si   T2     0.1602   0.5009   0.2558
Si   T2     0.1496   0.4852   0.8388
Si   T2     0.3240   0.4925   0.2614
Si   T2     0.1647   0.6667   0.2492
Si   T2     0.3191   0.8353   0.2183
Si   T2     0.3287   0.8359   0.7955
Si   T2     0.4916   0.8291   0.2296
Si   T2     0.4970   0.6701   0.8073
Si   T2     0.4972   0.8382   0.8090
Al   T2     0.3246   0.4868   0.8353
Al   T2     0.1545   0.6675   0.8180
Al   T2     0.4834   0.6568   0.2425
Si   T2     0.4961   0.1701   0.2449
Si   T2     0.4877   0.3312   0.7824
Si   T2     0.6588   0.1681   0.1843
Si   T2     0.8180   0.3365   0.7415
Si   T2     0.6537   0.4943   0.7547
Si   T2     0.8290   0.5047   0.7476
Si   T2     0.6648   0.5106   0.1777
Si   T2     0.4689   0.1610   0.8363
Si   T2     0.8358   0.3302   0.1619
Al   T2     0.4765   0.3365   0.1952
Al   T2     0.6447   0.1665   0.7589
Al   T2     0.8346   0.5127   0.1774
O    O1     0.2615   0.2663   0.5227
O    O1    -0.0001   0.7341   0.4943
O    O1     0.2610   0.9957   0.5071
O    O1     0.9788   0.2626   0.5028
O    O1     0.7230   0.7395   0.5162
O    O1     0.7121   1.0029   0.4870
O    O2     0.1539   0.3165   0.5803
O    O2     0.3233   0.1715   0.4227
O    O2     0.1608   0.8344   0.5469
O    O2     0.8180   0.1628   0.4540
O    O2     0.8409   0.6883   0.4814
O    O2     0.6705   0.8459   0.5308
O    O3     0.2606   0.5323   0.2686
O    O3     0.2477   0.5179   0.7982
O    O3     0.5117   0.2649   0.2529
O    O3     0.5209   0.2630   0.8096
O    O3     0.2621   0.7390   0.7549
O    O3     0.2675   0.7373   0.2711
O    O3     0.7389   0.2643   0.2093
O    O3     0.7173   0.2759   0.7246
O    O3     0.7264   0.4744   0.2296
O    O3     0.7291   0.4734   0.7146
O    O3     0.4453   0.7317   0.2731
O    O3     0.4682   0.7404   0.7628
O    O4     0.1031   0.4220   0.3738
O    O4     0.3137   0.4067   0.7008
O     O4     0.3994   0.3340   0.3289
O    O4     0.0794   0.4014   0.7507
O    O4     0.4375   0.1082   0.4016
O    O4     0.4070   0.2926   0.6580
O    O4     0.2811   0.4039   0.3597
O    O4     0.3790   0.1149   0.7481
O    O4     0.0831   0.6850   0.7044
O    O4     0.1114   0.6986   0.3580
O    O4     0.2962   0.8926   0.3346
O    O4     0.3137   0.9018   0.6827
O    O4     0.6770   0.0986   0.2755
O    O4     0.6681   0.1049   0.6237
O    O4     0.8695   0.3074   0.6156
O    O4     0.8966   0.3061   0.2683
O    O4     0.9008   0.6016   0.2974
O    O4     0.6685   0.5745   0.6420
O    O4     0.5814   0.7001   0.3527
O    O4     0.8878   0.5905   0.6438
O    O4     0.5689   0.8870   0.3565
O    O4     0.5859   0.7004   0.7069
O    O4     0.6900   0.6003   0.2601
O    O4     0.5834   0.9014   0.7063
O    O5     0.1546   0.5819   0.3423
O    O5     0.4215   0.5817   0.7125
O    O5     0.5717   0.4411   0.2768
O    O5     0.1371   0.5635   0.7339
O    O5     0.5865   0.1759   0.2932
O    O5     0.5677   0.4121   0.6808
O    O5     0.4093   0.5657   0.3676
O    O5     0.5314   0.1353   0.7079
O    O5     0.4217   0.8647   0.2935
O    O5     0.4231   0.8542   0.7368
O    O5     0.8410   0.4289   0.6586
O    O5     0.8528   0.4225   0.2602
O    O6     0.1330   0.4929   0.0476
O    O6     0.4723   0.3588   0.9727
O    O6     0.4696   0.1336   0.0409
O    O6     0.3503   0.4900   0.0592
O    O6     0.1419   0.6570   0.0451
O    O6     0.3318   0.8553   1.0103
O    O6     0.6358   0.1424   0.9828
O    O6     0.8499   0.3456   0.9506
O    O6     0.8520   0.5124   0.9526
O    O6     0.5008   0.6558   1.0123
O    O6     0.5097   0.8545   0.0229
O    O6     0.6471   0.5062   0.9669
K    K      0.6535   0.3388   0.4709
K    K      0.3165   0.6504   0.5416
D    D1     0.5058   0.1205   0.5843
D    D1     0.4205   0.5715   0.5750
D    D1     0.1170   0.5491   0.6101
D    D1     0.8655   0.4259   0.3894
D    D1     0.4371   0.8967   0.4057
D    D1     0.5631   0.4556   0.3979
D    D2     0.7769   0.7910   0.5334
