High temperature behavior of fluorcarletonite, KNa4Ca4Si8O18(CO3)4(F,OH) · H2O, from  Murun Alkaline Complex (Russia) appraised by experimental and theoretical methods
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Table S1. Crystallographic coordinates, occupancies, equivalent isotropic (Å2) and anisotropic displacement parameters of the studied fluorcarletonite at 25 and 450 °C for Fcarl_1 crystal, and at 25 and 550 °C for Fcarl_2 crystal.


	Site
	x/a
	y/b
	z/c
	Occupancy
	Uiso/equivalent
	U11
	U22
	U33
	U12
	U13
	U23

	 
	 
	 
	 
	Fcarl_1 
	 
	 
	 
	 
	 
	 

	25 °C
	
	
	
	
	
	
	
	
	
	
	

	K1
	0.5
	0
	0.29759(8)
	1
	0.0239
	0.0266(4)
	0.0266(4)
	0.0186(5)
	−0.0087(5)
	0.0000
	0.0000

	Na1
	0
	0
	0.27516(14)
	1
	0.0174
	0.0151(6)
	0.0151(6)
	0.0221(10)
	0.0000
	0.0000
	0.0000

	Na2
	0.13954(11)
	0.63954(11)
	0.14231(11)
	1
	0.0256
	0.0252(6)
	0.0252(6)
	0.0264(9)
	0.0093(7)
	0.0070(5)
	0.0070(5)

	Na3
	0.22301(13)
	0.27699(13)
	0
	1
	0.0181
	0.0198(7)
	0.0198(7)
	0.0148(10)
	−0.0014(9)
	0.0000
	0.0000

	Ca1
	0.06085(4)
	0.17731(4)
	0.14137(3)
	1
	0.0108
	0.0111(2)
	0.0110(2)
	0.0102(2)
	0.00008(16)
	−0.00019(17)
	0.00029(17)

	Si1
	0.07379(5)
	0.26327(5)
	0.40804(4)
	1
	0.0093
	0.0099(3)
	0.0104(3)
	0.0076(3)
	−0.0007(2)
	−0.0001(2)
	−0.0009(2)

	Si2
	0.21683(5)
	0.11831(5)
	0.30770(4)
	1
	0.0088
	0.0091(3)
	0.0087(3)
	0.0086(3)
	−0.0001(2)
	−0.0003(2)
	0.0001(2)

	O1
	0.14812(16)
	0.17988(15)
	0.37211(12)
	1
	0.0184
	0.0181(10)
	0.0186(10)
	0.0185(9)
	0.0024(7)
	0.0041(7)
	−0.0057(8)

	O2
	0.27230(15)
	0.02986(14)
	0.35958(11)
	1
	0.0154
	0.0188(10)
	0.0130(9)
	0.0144(8)
	0.0022(7)
	−0.0017(7)
	0.0056(7)

	O3
	0.15163(14)
	0.07780(13)
	0.23551(10)
	1
	0.0121
	0.0127(8)
	0.0116(8)
	0.0119(8)
	−0.0003(6)
	−0.0012(6)
	−0.0014(6)

	O4
	0.30802(15)
	0.19198(15)
	0.27752(16)
	1
	0.0135
	0.0135(7)
	0.0135(7)
	0.0135(11)
	−0.0037(9)
	−0.0020(7)
	0.0020(7)

	O5
	0.12568(15)
	0.37432(15)
	0.40369(16)
	1
	0.0144
	0.0128(7)
	0.0128(7)
	0.0174(12)
	−0.0018(9)
	−0.0005(7)
	0.0005(7)

	O6
	0.0509(2)
	0.2347(2)
	0.5
	1
	0.0155
	0.0192(14)
	0.0184(14)
	0.0089(11)
	−0.0018(10)
	0.0000
	0.0000

	O7
	0.21051(15)
	0.10430(15)
	0.06713(11)
	1
	0.0152
	0.0198(10)
	0.0149(9)
	0.0110(8)
	0.0008(7)
	−0.0012(7)
	−0.0021(7)

	O8
	0.18448(15)
	0.31552(15)
	0.13667(18)
	1
	0.0175
	0.0146(8)
	0.0146(8)
	0.0235(13)
	−0.0005(10)
	0.0037(8)
	−0.0037(8)

	O9
	0.0404(2)
	0.2159(3)
	0
	1
	0.0219
	0.0139(14)
	0.0389(19)
	0.0127(12)
	0.0053(12)
	0.0000
	0.0000

	O10
	0.03043(15)
	0.34977(16)
	0.18194(14)
	1
	0.0217
	0.014(1)
	0.0175(10)
	0.0339(11)
	−0.0024(7)
	0.0063(8)
	−0.0062(8)

	O11w
	0
	0
	0.4156(4)
	0.93(2)
	0.0576
	0.068(4)
	0.068(4)
	0.037(4)
	0.0000
	0.0000
	0.0000

	O12w
	0.4479(11)
	0.0521(11)
	0
	0.62(3)
	0.0938
	0.099(10)
	0.099(10)
	0.083(12)
	−0.023(10)
	0.0000
	0.0000

	F13
	0
	0
	0.1185(2)
	1
	0.0212
	0.0183(10)
	0.0183(10)
	0.0271(17)
	0.0000
	0.0000
	0.0000

	C1
	0.2129(3)
	0.0575(3)
	0
	1
	0.0123
	0.0127(16)
	0.0133(17)
	0.0108(15)
	−0.0006(12)
	0.0000
	0.0000

	C2
	0.1202(2)
	0.3798(2)
	0.1665(2)
	1
	0.0134
	0.0144(10)
	0.0144(10)
	0.0115(15)
	−0.0001(13)
	0.0012(9)
	−0.0012(9)

	
	
	
	
	
	
	
	
	
	
	
	

	450 °C
	
	
	
	
	
	
	
	
	
	
	

	K1
	0.5000
	0.0000
	0.29884(7)
	1
	0.0469
	0.0501(4)
	0.0501(4)
	0.0403(5)
	−0.0168(5)
	0.0000
	0.0000

	Na1
	0.0000
	0.0000
	0.27713(13)
	1
	0.0352
	0.0274(5)
	0.0274(5)
	0.0509(11)
	0.0000
	0.0000
	0.0000

	Na2
	0.14043(11)
	0.64043(11)
	0.14394(10)
	1
	0.0478
	0.0492(6)
	0.0492(6)
	0.0451(8)
	0.0167(7)
	0.0113(6)
	0.0113(6)

	Na3
	0.22231(12)
	0.27769(12)
	0.0000
	1
	0.0346
	0.0377(6)
	0.0377(6)
	0.0284(8)
	−0.0048(8)
	0.0000
	0.0000

	Ca1
	0.06108(3)
	0.17733(3)
	0.14240(2)
	1
	0.0204
	0.02012(14)
	0.02002(14)
	0.02113(14)
	−0.00033(11)
	−0.00071(12)
	0.00065(12)

	Si1
	0.07490(3)
	0.26268(4)
	0.40786(3)
	1
	0.0158
	0.01533(18)
	0.01803(19)
	0.01407(17)
	−0.00204(15)
	0.00008(14)
	−0.00219(15)

	Si2
	0.21687(3)
	0.11780(3)
	0.30951(3)
	1
	0.0151
	0.01528(18)
	0.01418(18)
	0.01586(17)
	−0.00035(14)
	−0.00101(15)
	0.00041(14)

	O1
	0.14629(13)
	0.17737(13)
	0.37268(10)
	1
	0.0358
	0.0357(8)
	0.0350(8)
	0.0367(8)
	0.0112(7)
	0.0100(7)
	−0.0089(7)

	O2
	0.27145(12)
	0.02929(11)
	0.36076(8)
	1
	0.0280
	0.0353(7)
	0.0214(6)
	0.0273(6)
	0.0050(5)
	−0.0031(6)
	0.0084(5)

	O3
	0.15341(10)
	0.07856(10)
	0.23636(8)
	1
	0.0230
	0.0228(6)
	0.0235(6)
	0.0228(6)
	−0.0017(4)
	−0.0063(5)
	−0.0024(5)

	O4
	0.30825(12)
	0.19175(12)
	0.28129(12)
	1
	0.0247
	0.0245(5)
	0.0245(5)
	0.0252(9)
	−0.0094(7)
	−0.0022(5)
	0.0022(5)

	O5
	0.12771(12)
	0.37229(12)
	0.40042(14)
	1
	0.0292
	0.0248(6)
	0.0248(6)
	0.0380(11)
	−0.0088(7)
	−0.0031(6)
	0.0031(6)

	O6
	0.05323(17)
	0.23748(18)
	0.5000
	1
	0.0284
	0.0358(11)
	0.0354(11)
	0.0139(7)
	−0.0047(8)
	0.0000
	0.0000

	O7
	0.21099(12)
	0.10391(12)
	0.06700(9)
	1
	0.0288
	0.0364(8)
	0.0290(7)
	0.0211(6)
	0.0025(6)
	−0.0024(6)
	−0.0052(5)

	O8
	0.18426(12)
	0.31574(12)
	0.13770(16)
	1
	0.0331
	0.0263(6)
	0.0263(6)
	0.0466(13)
	−0.0022(8)
	0.0081(7)
	−0.0081(7)

	O9
	0.03958(18)
	0.2132(3)
	0.0000
	1
	0.0423
	0.0211(9)
	0.079(2)
	0.0266(10)
	0.0036(11)
	0.0000
	0.0000

	O10
	0.03123(12)
	0.34978(13)
	0.18284(13)
	1
	0.0399
	0.0242(7)
	0.0318(8)
	0.0638(12)
	−0.0065(6)
	0.0115(7)
	−0.0104(8)

	O11w
	0.0000
	0.0000
	0.4224(7)
	0.72(2)
	0.1022
	0.101(6)
	0.101(6)
	0.105(8)
	0.0000
	0.0000
	0.0000

	O12w
	0.4602(14)
	0.0398(14)
	0.0000
	0.58(3)
	0.1894
	0.202(19)
	0.202(19)
	0.164(18)
	−0.027(19)
	0.0000
	0.0000

	F13
	0.0000
	0.0000
	0.12082(17)
	1
	0.0335
	0.0294(7)
	0.0294(7)
	0.0417(14)
	0.0000
	0.0000
	0.0000

	C1
	0.2123(2)
	0.0568(2)
	0.0000
	1
	0.0222
	0.0240(11)
	0.0237(11)
	0.0188(10)
	−0.0019(9)
	0.0000
	0.0000

	C2
	0.12037(15)
	0.37963(15)
	0.16757(18)
	1
	0.0259
	0.0228(7)
	0.0228(7)
	0.0320(13)
	−0.0039(9)
	0.0016(7)
	−0.0016(7)

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Fcarl_2
	
	
	
	
	
	

	25 °C
	
	
	
	
	
	
	
	
	
	
	

	K1
	0.5000
	0.0000
	0.29757(7)
	1
	0.0245
	0.0266(4)
	0.0266(4)
	0.0204(6)
	−0.0094(5)
	0.0000
	0.0000

	Na1
	0.0000
	0.0000
	0.27514(13)
	1
	0.0172
	0.0148(6)
	0.0148(6)
	0.0221(10)
	0.0000
	0.0000
	0.0000

	Na2
	0.13941(10)
	0.63941(10)
	0.14218(11)
	1
	0.0267
	0.0265(5)
	0.0265(5)
	0.0270(8)
	0.0116(7)
	0.0079(6)
	0.0079(6)

	Na3
	0.22297(12)
	0.27703(12)
	0.0000
	1
	0.0182
	0.0194(7)
	0.0194(7)
	0.0157(9)
	−0.0028(8)
	0.0000
	0.0000

	Ca1
	0.06085(3)
	0.17730(4)
	0.14146(3)
	1
	0.0112
	0.0107(2)
	0.0111(2)
	0.0119(2)
	0.00039(14)
	−0.00027(17)
	0.00047(18)

	Si1
	0.07397(5)
	0.26340(5)
	0.40803(4)
	1
	0.0096
	0.0096(3)
	0.0102(3)
	0.0090(3)
	−0.0007(2)
	−0.0001(2)
	−0.0011(2)

	Si2
	0.21691(5)
	0.11823(5)
	0.30771(4)
	1
	0.0092
	0.0094(3)
	0.0082(3)
	0.0099(3)
	0.0000(2)
	−0.0001(2)
	0.0006(2)

	O1
	0.14795(14)
	0.18002(14)
	0.37190(11)
	1
	0.0189
	0.0176(9)
	0.0193(9)
	0.0198(8)
	0.0041(7)
	0.0040(7)
	−0.0056(8)

	O2
	0.27232(14)
	0.02948(13)
	0.35952(10)
	1
	0.0164
	0.0201(9)
	0.0131(8)
	0.0160(8)
	0.0019(6)
	−0.0020(7)
	0.0059(7)

	O3
	0.15146(13)
	0.07805(13)
	0.23557(10)
	1
	0.0129
	0.0122(8)
	0.0138(8)
	0.0127(8)
	−0.0013(6)
	−0.0028(6)
	−0.0013(7)

	O4
	0.30842(14)
	0.19158(14)
	0.27719(15)
	1
	0.0148
	0.0149(7)
	0.0149(7)
	0.0145(11)
	−0.0042(9)
	−0.0019(7)
	0.0019(7)

	O5
	0.12552(14)
	0.37448(14)
	0.40370(16)
	1
	0.0149
	0.0129(7)
	0.0129(7)
	0.0190(12)
	−0.0033(9)
	0.0012(7)
	−0.0012(7)

	O6
	0.0506(2)
	0.2343(2)
	0.5000
	1
	0.0164
	0.0181(13)
	0.0199(13)
	0.0110(11)
	−0.0043(10)
	0.0000
	0.0000

	O7
	0.21029(14)
	0.10457(14)
	0.06722(10)
	1
	0.0155
	0.0184(9)
	0.0161(9)
	0.0119(7)
	0.0018(6)
	−0.0006(7)
	−0.0026(7)

	O8
	0.18420(14)
	0.31580(14)
	0.13660(16)
	1
	0.0177
	0.0149(7)
	0.0149(7)
	0.0231(13)
	−0.0002(9)
	0.0058(8)
	−0.0058(8)

	O9
	0.0398(2)
	0.2162(2)
	0.0000
	1
	0.0221
	0.0122(12)
	0.0413(18)
	0.0128(12)
	0.0025(11)
	0.0000
	0.0000

	O10
	0.03007(14)
	0.34972(15)
	0.18184(12)
	1
	0.0217
	0.0155(9)
	0.0171(9)
	0.0326(10)
	−0.0022(7)
	0.0048(8)
	−0.0060(8)

	O11w
	0.0000
	0.0000
	0.4157(4)
	1.016(17)
	0.0638
	0.072(3)
	0.072(3)
	0.047(4)
	0.0000
	0.0000
	0.0000

	O12w
	0.4472(9)
	0.0528(9)
	0.0000
	0.650(19)
	0.1011
	0.104(8)
	0.104(8)
	0.096(10)
	−0.029(9)
	0.0000
	0.0000

	F13
	0.0000
	0.0000
	0.11835(19)
	1
	0.0219
	0.0192(9)
	0.0192(9)
	0.0272(16)
	0.0000
	0.0000
	0.0000

	C1
	0.2126(3)
	0.0574(3)
	0.0000
	1
	0.0128
	0.0102(14)
	0.0157(16)
	0.0126(15)
	−0.0018(12)
	0.0000
	0.0000

	C2
	0.11969(19)
	0.38031(19)
	0.1672(2)
	1
	0.0138
	0.0137(9)
	0.0137(9)
	0.0141(15)
	0.0009(12)
	−0.0005(9)
	0.0005(9)

	
	
	
	
	
	
	
	
	
	
	
	

	550 °C
	
	
	
	
	
	
	
	
	
	
	

	K1
	0.5000
	0.0000
	0.29887(14)
	1
	0.0577
	0.0610(9)
	0.0610(9)
	0.0511(12)
	−0.0227(11)
	0.0000
	0.0000

	Na1
	0.0000
	0.0000
	0.2790(2)
	1
	0.0451
	0.0327(10)
	0.0327(10)
	0.070(2)
	0.0000
	0.0000
	0.0000

	Na2
	0.14101(17)
	0.64101(17)
	0.14495(17)
	1
	0.0573
	0.0592(11)
	0.0592(11)
	0.0537(15)
	0.0205(14)
	0.0142(11)
	0.0142(11)

	Na3
	0.22131(19)
	0.27869(19)
	0.0000
	1
	0.0393
	0.0432(12)
	0.0432(12)
	0.0315(15)
	−0.0060(15)
	0.0000
	0.0000

	Ca1
	0.06090(5)
	0.17741(5)
	0.14306(4)
	1
	0.0227
	0.0217(3)
	0.0219(3)
	0.0246(3)
	−0.0002(2)
	−0.0012(3)
	0.0013(3)

	Si1
	0.07505(6)
	0.26280(6)
	0.40767(5)
	1
	0.0158
	0.0147(4)
	0.0183(4)
	0.0145(3)
	−0.0025(3)
	−0.0001(3)
	−0.0021(3)

	Si2
	0.21655(6)
	0.11790(6)
	0.31061(5)
	1
	0.0156
	0.0163(4)
	0.0132(4)
	0.0173(3)
	−0.0005(3)
	−0.0008(3)
	0.0005(3)

	O1
	0.1445(2)
	0.1757(2)
	0.37368(16)
	1
	0.0407
	0.0381(15)
	0.0398(15)
	0.0443(15)
	0.0113(12)
	0.0104(13)
	−0.0119(13)

	O2
	0.2710(2)
	0.02898(17)
	0.36137(14)
	1
	0.0307
	0.0390(15)
	0.0224(12)
	0.0306(11)
	0.0043(10)
	−0.0035(12)
	0.0102(10)

	O3
	0.15429(18)
	0.07915(18)
	0.23714(13)
	1
	0.0263
	0.0266(12)
	0.0258(12)
	0.0267(11)
	−0.0025(9)
	−0.0081(10)
	−0.0037(10)

	O4
	0.3075(2)
	0.1925(2)
	0.2834(2)
	1
	0.0283
	0.0260(11)
	0.0260(11)
	0.0327(18)
	−0.0136(14)
	−0.0024(11)
	0.0024(11)

	O5
	0.1287(2)
	0.3713(2)
	0.3982(2)
	1
	0.0323
	0.0270(11)
	0.0270(11)
	0.043(2)
	−0.0109(14)
	−0.0043(13)
	0.0043(13)

	O6
	0.0537(3)
	0.2404(3)
	0.5000
	1
	0.0325
	0.040(2)
	0.042(2)
	0.0161(13)
	−0.0037(16)
	0.0000
	0.0000

	O7
	0.2110(2)
	0.1039(2)
	0.06660(14)
	1
	0.0347
	0.0458(16)
	0.0343(15)
	0.0239(11)
	0.0022(12)
	−0.0030(12)
	−0.0057(11)

	O8
	0.1841(2)
	0.3159(2)
	0.1378(3)
	1
	0.0386
	0.0305(12)
	0.0305(12)
	0.055(2)
	−0.0030(16)
	0.0110(14)
	−0.0110(14)

	O9
	0.0384(3)
	0.2125(4)
	0.0000
	1
	0.0494
	0.027(2)
	0.092(4)
	0.0301(19)
	0.007(2)
	0.0000
	0.0000

	O10
	0.0317(2)
	0.3497(2)
	0.1830(2)
	1
	0.0487
	0.0301(15)
	0.0353(16)
	0.081(2)
	−0.0090(11)
	0.0153(15)
	−0.0144(16)

	O11w
	0.0000
	0.0000
	0.4329(18)
	0.50(2)
	0.1472
	0.101(13)
	0.101(13)
	0.24(3)
	0.0000
	0.0000
	0.0000

	O12w
	0.466(2)
	0.034(2)
	0.0000
	0.48(2)
	0.2125
	0.23(3)
	0.23(3)
	0.18(3)
	0.02(4)
	0.0000
	0.0000

	F13
	0.0000
	0.0000
	0.1222(3)
	1
	0.0391
	0.0330(14)
	0.0330(14)
	0.051(3)
	0.0000
	0.0000
	0.0000

	C1
	0.2123(4)
	0.0569(4)
	0.0000
	1
	0.0244
	0.025(2)
	0.026(2)
	0.023(2)
	−0.0029(18)
	0.0000
	0.0000

	C2
	0.1203(3)
	0.3797(3)
	0.1684(3)
	1
	0.0284
	0.0273(15)
	0.0273(15)
	0.031(2)
	−0.003(2)
	0.0031(15)
	−0.0031(15)







Table S2. Bond-valence sums (BVS) for the studied fluorcarletonite at 25 (Fcarl_1 crystal) and  550 °C (Fcarl_2 crystal). BVS for F13 site with mixed occupancy was calculated using the fractional site occupancies 0.6F and 0.4O, following Kaneva et al. (2023).

Fcarl_1 at 25 °C

	 
	Si1
	Si2
	K1
	Na1
	Na2
	Na3
	Ca1
	C1
	C2
	Σ

	O1
	1.087
	0.995
	
	
	
	
	
	
	
	2.082

	O2
	1.082
	0.987
	0.055[x4]
	
	
	
	
	
	
	2.124

	O3
	
	1.139
	
	0.23[x4]
	
	
	0.331
	
	
	1.979

	
	
	
	
	
	
	
	0.279
	
	
	

	O4
	
	0.978(x2)
	
	
	0.168
	
	
	
	
	0.168

	O5
	1.008(x2)
	
	0.112[x2]
	
	
	
	
	
	
	2.128

	O6
	1.033(x2)
	
	
	
	
	
	
	
	
	2.066

	O7
	
	
	
	
	0.204[x2]
	0.134[x4]
	0.221
	1.339[x2]
	
	2.106

	
	
	
	
	
	
	
	0.208
	
	
	

	O8
	
	
	
	
	
	0.201[x2]
	0.271(x2)
	
	1.272
	2.015

	O9
	
	
	
	
	
	0.135[x2]
	0.284(x2)
	1.3
	
	2.003

	O10
	
	
	0.164[x4]
	
	0.231[x2]
	
	0.302
	
	1.361[x2]
	

	O11w
	
	
	
	0.229
	
	
	
	
	
	0.229

	O12w
	
	
	
	
	0.054
	
	
	
	
	0.054

	F13
	
	
	
	0.0908
	
	
	0.194(x4)
	
	
	0.8668

	Σ
	4.21
	4.099
	1.1
	1.2398
	1.092
	1.208
	2.09
	3.978
	3.994
	

	[×2], [×4]: for the calculation of the valence bond sum for cations. (×2), (×4): for the calculation of the valence bond sum for anions. The carbonate groups are excluded from the calculation of the for the O12w oxygen atoms due to their low bond strength (˂0.05 vu) and their minimal contribution to the chemical bonding.




Fcarl_2 at 550 °C

	 
	Si1
	Si2
	K1
	Na1
	Na2
	Na3
	Ca1
	C1
	C2
	Σ

	O1
	1.108
	1.005
	
	
	
	
	
	
	
	2.113

	O2
	1.099
	0.995
	0.050[x4]
	
	
	
	
	
	
	2.144

	O3
	
	1.148
	
	0.195[x4]
	
	
	0.314
	
	
	1.92

	
	
	
	
	
	
	
	0.263
	
	
	

	O4
	
	0.989(x2)
	
	
	0.144
	
	
	
	
	2.122

	O5
	1.025(x2)
	
	0.113[x2]
	
	
	
	
	
	
	2.128

	O6
	1.050(x2)
	
	
	
	
	
	
	
	
	2.1

	O7
	
	
	
	
	0.191[x2]
	0.122[x4]
	0.199
	1.339[x2]
	
	2.043

	
	
	
	
	
	
	
	0.192
	
	
	

	O8
	
	
	
	
	
	0.189[x2]
	0.262(x2)
	
	1.262
	1.975

	O9
	
	
	
	
	
	0.121[x2]
	0.258(x2)
	1.402
	
	2.039

	O10
	
	
	0.156[x4]
	
	0.208[x2]
	
	0.297
	
	1.394[x2]
	2.055

	O11w
	
	
	
	0.119
	
	
	
	
	
	0.119

	O12w
	
	
	
	
	0.026
	
	
	
	
	0.026

	F13
	
	
	
	0.087
	
	
	0.188(x4)
	
	
	0.839

	Σ
	4.282
	4.137
	1.05
	0.986
	0.968
	1.108
	2.493
	4.08
	4.05
	

	[×2], [×4]: for the calculation of the valence bond sum for cations. (×2),(×4): for the calculation of the valence bond sum for anions. The carbonate groups are excluded from the calculation of the for the O12w oxygen atoms due to their low bond strength (˂0.05 vu) and their minimal contribution to the chemical bonding.



Table S3. Bonded O-H pairs for two molecular dynamics runs at different temperatures.
	T = 27 °C
	T = 327 °C

	O atom
	H atom
	O atom
	H atom

	O189
	H220
	O189
	H220

	O190
	H222
	
	

	O190
	H221
	
	

	O191
	H215
	O191
	H216

	O192
	H216
	
	

	O192
	H217
	
	

	O192
	H218
	O192
	H218

	O193
	H223
	O193
	H223

	O193
	H224
	O193
	H217

	O194
	H225
	O194
	H225

	O194
	H226
	O194
	H226
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Fig. S1. Normalized unit cell parameters and volume of Fcarl_2 crystal versus temperature. Symbols: a/a0 and b/b0 (light grey); c/c0 (dark grey); V/V0 (black). a0, b0, c0, and V0 are lattice parameters and unit cell volume at room temperature, respectively. The size of the symbols is larger than the associated esd’s.
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Fig. S2. The temperature dependencies of the frequency shifts for bands at 526 cm-1 (square, curve 1), 591 cm-1 (circle, curve 2), and 661 cm-1 (diamond, curve 3). The negative shift means that band maximum is shifted to lower wavenumbers.
[image: D:\My manuscripts\2024\fluorcarl-heat\temdep.png]
Fig. S3. The temperature dependencies of normalized integral intensities of the absorption bands related to O-H stretching: 1 - 3557 cm-1 (O11w-H stretching), 2 – 3645 cm-1 (O12w-H stretching), 3 – 3595 cm-1 (O6-H stretching), 4 – 3690 cm-1 (OH stretching).
[image: ]

Fig. S4. Detail of the crystal structure of fluorcarletonite showing the local environments of oxygens at O11w and O12w sites. Si-tetrahedra (orange), Na-polyhedra (blue), Ca-polyhedron (pink), K+ (brown) and C (grey) atoms are represented. Oxygen and fluorine atoms are illustrated in red and green, respectively.
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Fig. S5. Projections of the C’s trajectories onto the (100) plane. Red circles = C1 atoms, blue circles = C2 atoms. T = 27 °C.



Fig. S6. Projections of the C’s trajectories onto the (100) plane. Red circles = C1 atoms, blue circles = C2 atoms. T = 327 °C.




Fig. S7. Mean square displacement for H atom at 27 (blue), 327 (orange) and 627 (gray) °C.
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Fig. S8. Pair distribution function for O-H atoms at 27 (blue), 327 (orange) and 627 (gray) °C.
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Fig. S9. Snapshot of the structure during the molecular dynamics run at 27 °C, after 1.8 ps.
Labelled atoms are oxygens and hydrogens involved in the O-H bonds.
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Fig. S10. Snapshot of the structure during the molecular dynamics run at 327 °C, after 1.0 ps. Labelled atoms are oxygens and hydrogens involved in the O-H bonds.
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H msd (Å2)
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