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Table 1

Lattice parameters of BaMgF, as a function of temperature. Extracted via LeBail fit of the synchrotron powder data measured at beamline ID31 of the ESRF.
T (K) a(4) b (A) cA) v 4%
290.00(9) 4.130314(25)  14.52527(11)  5.822668(5) 349.325(6)
270.0(6) 4.129073(25)  14.52081(11)  5.821602(5)  349.0485(6)
250.0(2) 4.127442(25)  14.51458(12)  5.820301(5) 348.683(6)
230.0(2) 4.126067(69)  14.50941(25)  5.819248(12)  348.380(10)
210.0(2) 4.124698(25)  14.50417(11)  S5.818111(5)  348.0705(6)
190.01(6) 4.123277(23)  14.49784(11)  5.816889(5) 347.726(6)
170.00(12)  4.121940(24)  14.49233(11)  5.815854(5) 347.412(6)
150.01(2) 4.120998(24)  14.48802(11)  5.814991(5) 347.184(6)
130.0(2) 4.119958(23)  14.48317(11)  5.814071(5) 346.926(6)
110.00(10)  4.119052(24)  14.47811(11)  5.813218(5) 346.678(6)
90.01(2) 4.118712(24)  14.47425(11)  5.812845(5) 346.534(6)
70.00(4) 4.118395(25)  14.47018(11)  5.812326(5) 346.379(6)
49.995(5) 4.118523(26)  14.46707(12)  5.812250(5) 346.311(6)
29.997(6) 4.118536(25)  14.46387(11)  5.811934(5) 346.217(6)
10.008(3) 4.118992(24)  14.46262(11)  5.811511(5) 346.200(6)
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Table 2
Lattice parameters of BaZnF, as a function of temperature. Extracted via LeBail fit of the synchrotron powder data measured at beamline ID31 of the ESRF.

T (K) ad) b @A) cd) Vv 4%

290.0(2) 4.203679(23)  14.57271(10)  5.848186(50)  358.254(6)
270.0(1) 4.202484(23)  14.56872(10)  5.847105(50)  357.988(6)
250.0(7) 4.200774(23)  14.56349(10)  5.845784(45)  357.633(6)
230.0(2) 4.199281(23)  14.55869(10)  5.844376(50)  357.302(6)
210.0(2) 4.197661(23)  14.55350(10)  5.843133(45) 356.961(6)
190.0(2) 4.195975(23)  14.54781(10)  5.841687(45)  356.590(6)
170.0(3) 4.194588(22)  14.54309(10)  5.840468(40)  356.282(6)
150.01(2)  4.193491(23)  14.53894(10)  5.839513(40)  356.029(5)
130.0(1) 4.192370(22) 14.53453(9)  5.838566(40)  355.768(5)
110.01(5)  4.191390(21) 14.53045(9)  5.837659(40)  355.530(5)
90.02(2) 4.190802(21) 14.52647(9)  5.837049(40)  355.345(5)
69.99(8) 4.190408(21) 14.52235(9)  5.836385(40)  355.171(5)
50.00(2) 4.190272(23)  14.51839(10)  5.836091(40)  355.044(5)
29.997(8)  4.190423(22) 14.51498(6)  5.835812(40)  354.957(5)
9.998(3) 4.190578(21) 14.51284(9)  5.835016(40)  354.912(5)
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Table 3

Lattice parameters and irrational component of the g-vector of BaMnF, as a function of temperature. Extracted via LeBail fit of the synchrotron powder data

measured at beamline ID31 of the ESRF.

T a b c Monoclinic v ol

(K) @ o)) o)) angle (%) @Ay

10 4.198368(14)  15.05566(6)  6.00025(2)  90.0853(2) 379.270(3)  0.39487(5)
15 4.198368(13)  15.05566(6)  6.00025(2)  90.0853(2) 379.270(3)  0.39487(5)
20 4.198378(15)  15.05598(6)  6.00028(2)  90.0849(2) 379.282(2)  0.39488(5)
25 4.198398(13)  15.05633(6)  6.00035(2)  90.0845(2) 379.297(2)  0.39488(5)
30 4.198396(14)  15.05671(6)  6.00037(2)  90.0845(2) 379.307(3)  0.39480(5)
35 4.198482(13)  15.05723(6)  6.00046(2)  90.0843(2) 379.334(3)  0.39488(5)
40 4.198567(13)  15.05771(5)  6.00049(2)  90.0841(2) 379.356(3)  0.39472(4)
45 4.198760(13)  15.05856(6)  6.00064(2)  90.0836(2) 379.403(3)  0.39481(5)
50 4.198956(14)  15.05899(6)  6.00064(2)  90.0827(2) 379.433(3)  0.39474(2)
55 4.199033(13)  15.05944(5)  6.00055(2)  90.08208(19)  379.445(3)  0.39468(4)
60 4.199334(12)  15.06038(5)  6.00064(2)  90.08142(18)  379.501(3)  0.39467(4)
65 4.199624(13)  15.06126(6)  6.00073(2)  90.08033(19)  379.555(3)  0.39471(5)
70 4.199928(12)  15.06223(5)  6.00075(2)  90.07939(18)  379.609(3)  0.39453(5)
75 4.200153(14)  15.06279(6)  6.00069(2)  90.0783(2) 379.640(3)  0.39450(5)
80 4.200443(14)  15.06369(6)  6.00076(2)  90.0771(2) 379.693(4)  0.39439(5)
85 4.200797(14)  15.06466(6)  6.00081(2)  90.0760(2) 379.752(4)  0.39418(5)
90 4.201125(14)  15.06560(6)  6.00085(2)  90.0748(2) 379.808(4)  0.39411(5)
95 4.201442(14)  15.06636(6)  6.00080(2)  90.0738(2) 379.853(4)  0.39385(5)
100 4.201896(13)  15.06749(6)  6.00091(2)  90.0724(2) 379.929(3)  0.39350(5)
120 4.203564(14)  15.07162(6)  6.00090(2)  90.0666(2) 380.184(4)  0.39318(6)
140 4.205437(13)  15.07616(6)  6.00134(2)  90.0613(2) 380.496(3)  0.39264(6)
160  4.207479(13)  15.08059(6)  6.00141(2)  90.0550(2) 380.797(3)  0.39214(6)
180  4.209697(13)  15.08547(5)  6.00174(2)  90.0493(2) 381.142(3)  0.39180(6)
200 4.212042(12)  15.09018(5) 6.00171(2)  90.0421(2) 381.471(3)  0.39097(3)
220  4.214744(12)  15.09520(5)  6.00137(2)  90.0338(3) 381.822(3)  0.39156(3)
240  4.218176(12)  15.10064(5)  6.00055(2)  90.0204(3) 382.218(3)  0.39040(3)
260  4.220340(13)  15.10575(6)  5.99893(2) 90 382.594(3) -

280  4.223457(11)  15.11086(5)  6.00069(2) 90 382.965(3) -
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Table 4

Structural parameters from the Rietveld refinement of BaMgF4 and BaZnF, at 10K.
Atom X y z Uiso Atom X y z Uiso

BaMgF, BaZnF,

Ba 0.5 0.35147(5) 0.536(1)  0.0054(2) Ba 0.5 0.35210(6) 0.5371(4) 0.0070(3)
Mg 0.0  0.4135(2) 0? 0.007(1) Zn 0.0  0.4129(1) 0? 0.0060(6)
F1 0.0 0.3064(6)  0.803(2) 0.008(1) F1 0.0  0.3027(7) 0.800(2) 0.007(1)
F2 0.0 0.3344(6) 0.261(2) 0.008(1) F2 0.0  0.3297(7) 0.262(4) 0.007(1)
F3 0.0 04727(5) 0.692(2) 0.008(1) F3 0.0  0.4707(5) 0.673(1) 0.007(1)
F4 0.5  0.42194)  0.990(2) 0.008(1) F4 0.5  0.4217(5) 0.983(2) 0.007(1)

4 Fixed for definition of the origin.
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Table 5
Atomic coordinates and isotropic displacement parameters of BaMgF, at different temperatures.

T X y z Uiso

Ba 250K 0.5 0.351661(13) 0.5342(4) 0.01268(10)
200K 0.5 0.351673(14)  0.5362(6) 0.01019(11)
150K 0.5  0.351673(9) 0.5373(2) 0.00819(6)
100K 0.5 0.351656(9) 0.53777(18)  0.00677(6)

Mg 250K 0 0.41447(10) 0? 0.0105(5)
200K 0 0.41428(11) 0 0.0079(8)
150K 0 0.41436(7) 0.0061(4)
100K 0 0.41439(7) 0.0055(3)

F1 250K 0 0.3045(2) 0.8045(8) 0.0112(7)
200K 0 0.3044(3) 0.8053(10) 0.0093(9)
150K 0 0.30405(16) 0.8050(5) 0.0073(5)
100K 0 0.30408(16) 0.8044(5) 0.0066(5)

F2 250K 0 0.3347(3) 0.2650(8) 0.0141(8)
200K 0 0.3346(3) 0.2653(11) 0.0117(10)
150K 0 0.33456(18) 0.2668(5) 0.0091(5)
100K 0 0.33451(18) 0.2663(5) 0.0082(5)

F3 250K 0 0.4755(2) 0.6892(7) 0.0161(8)
200K 0 0.4750(2) 0.6895(10) 0.0130(10)
150K 0 0.47498(14) 0.6900(5) 0.0105(5)
100K 0 0.47488(13) 0.6902(4) 0.0088(5)

F4 250K 0.5 0.4211Q2) 0.9908(7) 0.0174(9)
200K 0.5 0.4212(2) 0.9921(11) 0.0140(14)
150K 0.5 0.42130(15) 0.9917(5) 0.0118(7)
100K 0.5 0.42137(14) 0.9916(4) 0.0099(5)

 Fixed for definition of the origin.
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Table 6
Atomic coordinates and isotropic displacement parameters of BaZnF, at different temperatures.

T X y yA Ueq

Ba 290 0.5 0.35259(6) 0.4630(3) 0.0211(2)
200 0.5 0.352428(8)  0.4600(5) 0.0111(4)
150 0.5  0.35245(8) 0.4617(5) 0.0151(4)
100 0.5 0.35239(4) 0.4609(3) 0.0048(2)
50K 05 0.35234(2) 0.46082(16)  0.00472(12)
10K 0.5 0.35236(3) 0.46082(17)  0.00441(13)

Zn 290 O 0.41304(11) 0% 0.0161(4)
200 O 0.41302(17) 0 0.0081(8)
150 0 0.41302(16) 0 0.0120(8)
100 O 0.41293(9) 0 0.0027(4)
50K 0 0.41312(5) 0 0.0041(3)
10K 0 0.41313(6) 0 0.0040(3)
F1 290 0 0.3022(7) 0.2004(17) 0.023(3)
200 O 0.3024(10) 0.194(3) 0.011(4)
150 0 0.3012(9) 0.199(3) 0.012(4)
100 O 0.3015(6) 0.2009(15) 0.004(2)
50K 0 0.3028(3) 0.2014(8) 0.0070(15)
10K 0 0.3025(3) 0.2007(9) 0.0068(16)
F2 290 O 0.3336(8) -0.2708(15)  0.023(3)
200 O 0.3318(12) -0.276(3) 0.012(4)
150 0.3345(10) -0.270(3) 0.012(4)
100 O 0.3331(6) -0.2699(15)  0.007(2)
50K 0 0.3341(3) -0.2708(9) 0.0085(15)
10K 0 0.3337(4) -0.2713(10)  0.0085(16)
F3 290 0 0.4712(7) 0.3256(18) 0.024(3)
200 O 0.4708(10) 0.316(3) 0.012(4)
150 0 0.4702(10) 0.325(3) 0.022(5)
100 O 0.4712(6) 0.3255(17) 0.008(2)
50K 0 0.4709(3) 0.3267(8) 0.0062(14)
10K 0 0.4709(3) 0.3256(9) 0.0069(15)

F4 290 0.5 0.4193(8) 0.0085(17) 0.029(3)
200 0.5 0.4224(10) 0.003(3) 0.014(4)
150 0.5  0.4208(9) 0.009(3) 0.019(4)
100 0.5  0.4228(5) 0.0132(15) 0.007(2)
50K 0.5 0.4233(3) 0.0125(9) 0.0087(14)
10K 0.5 0.4235(3) 0.0121(10) 0.0081(15)

 Fixed for definition of the origin.
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Table 7
Atomic coordinates and isotropic displacement parameters of BaMnF, at different temperatures. Coordinates at 175, 100, 35, and 10 K refer to the basic structure.
TEK) x y z Ueg®
Ba 255 05 0.34411(5) 0.4540(3) 0.0201(3)
245 0.5 0.34416(6) 0.4541(4) 0.0169(3)
175 0.50255(17)  0.344653(18)  0.45429(9) 0.00729(7)
100 0.50159(11)  0.344895(13)  0.45417(8) 0.00524(5)
35 0.49999(14)  0.345088(19)  0.45399(17)  0.00342(8)
Bal? 10K 0.5036(5) 0.33738(4) 0.44756(15)  0.00334(6)
Ba2? 10K 0.5036(5) 0.3538(2) 0.48008(18)  0.00334(6)
Mn 255 0 0.41589(11) ob 0.0124(5)
245 0 0.41590(13) 0 0.0078(6)
175 -0.0006(7) 0.41603(4) 0 0.00511(17)
100 -0.0018(5) 0.41614(3) 0 0.00401(13)
35 0.0066(6) 0.41624(5) 0 0.00243(16)
10 0.0037(5) 0.41624(5) 0 0.00329(13)
F1 255 0 0.3355(7) 0.7222(17) 0.021(3)
245 0 0.3366(8) 0.721(2) 0.021(3)
175 -0.0045(19)  0.3359(2) 0.7204(5) 0.0092(8)
100 -0.0024(12)  0.33683(16) 0.7205(4) 0.0077(6)
35  -0.0003(14)  0.3369(2) 0.7184(8) 0.0062(7)
10 -0.0002(11)  0.33707(18) 0.7195(5) 0.0071(6)
F2 255 0 0.2994(6) 0.1981(16) 0.018(2)
245 0 0.3009(7) 0.1960(18) 0.014(3)
175 -0.0067(19)  0.29913(19) 0.1972(4) 0.0072(8)
100 0.0016(10) 0.29943(15) 0.1973(4) 0.0060(6)
35 -0.0008(13)  0.2992(2) 0.1962(7) 0.0063(7)
10 -0.0012(9) 0.2997(2) 0.1958(4) 0.0057(5)
F3 255 0 0.4632(5) 0.3419(16) 0.024(2)
245 0 0.4632(7) 0.3375(19) 0.025(3)
175 -0.0085(16)  0.4644(2) 0.3376(4) 0.0102(9)
100 -0.0080(9) 0.46384(15) 0.3373(4) 0.0089(6)
35 -0.0038(10)  0.4637(2) 0.3367(7) 0.0073(7)
10 -0.0042(7) 0.4639(2) 0.3368(4) 0.0078(5)
F4 255 0.5 0.4188(8) 0.019(2) 0.038(4)
245 05 0.4216(10) 0.019(2) 0.037(4)
175 0.4970(17) 0.4203(3) 0.0197(6) 0.0184(10)
100 0.5005(9) 0.42093(19) 0.0188(4) 0.0137(7)
35 0.4995(11) 0.4213(2) 0.0193(7) 0.0069(7)
10 0.5021(9) 0.42167(18) 0.0197(4) 0.0071(5)

aDescribed by Crenel function
PFixed for definition of the origin.
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Table 8
Modulation amplitudes of BaMnF} at different temperatures.
T  xsinl ysinl zsinl xcos1 ycosl zcosl
Ba 175 0.00187(16) -0.00677(8) -0.01162(17)  -0.00100(17)  0.00869(6) 0.01919(11)
100 0.00142(10) -0.00215(13)  -0.0014(3) -0.00159(9) 0.01245(3) 0.02541(4)
35 0.00161(12) -0.00726(5) -0.01167(11) ~ -0.00065(12)  0.01132(4) 0.02386(8)
Bal 10 -0.0044(5) -0.00091(9) -0.00612(17)  0.0056(6) 0 0.01414(18)
Ba2 100 0 -0.0123(3) 0.0316(14) 0 0 0
Mn 175 0.0040(3) 0.00089(7) 0? -0.0070(4) 0 0.00221(14)
100 0 0.00124(4) 0 -0.0083(2) 0 0.00275(10)
35 0.0034(2) 0.00133(6) 0 -0.0076(3) 0 0.00294(17)
10 0.00296(18) 0.00121(5) 0 -0.0078(2) 0 0.00298(11)
F1 175 0.0248(13) -0.0022(4) 0 -0.0054(15) -0.0061(3) 0.0100(7)
100 0.0186(9) -0.0065(2) 0.0060(6) -0.0187(8) -0.0052(2) 0.0070(5)
35 0.0272(10) -0.0047(3) 0.0035(8) -0.0109(10) -0.0081(3) 0.0102(7)
10 0.0260(7) -0.0054(2) 0.0047(5) -0.0121(8) -0.0081(2) 0.0097(4)
F2 175 -0.0125(14) 0.0019(3) 0 -0.0346(13) 0 0.0025(7)
100 -0.0329(8) 0.0022(2) 0.0046(5) -0.0279(9) -0.0015(2) 0
35 -0.0193(9) 0.0032(3) 0.0051(8) -0.0416(10) 0 0
10 -0.0225(8) 0.0031(2) 0.0047(5) -0.0417(8) 0 0
F3 175 0.0255(15) 0.0013(3) 0 0.0439(14) -0.0023(4) 0.0060(8)
100 0.0483(9) 0 0.0048(5) 0.0318(10) -0.0030(2) 0.0064(5)
35 0.0322(10) 0 0.0041(8) 0.0515(10) -0.0032(3) 0.0089(8)
10 0.0341(8) 0 0.0053(5) 0.0470(8) -0.0034(2) 0.0074(5)
F4 175 0 -0.0187(4) -0.0252(8) 0 0.0060(5) -0.0124(10)
100 0 -0.0146(3) -0.0338(6) 0 0.0168(3) 0
35 0 -0.0231(3) -0.0337(7) 0 0.0103(3) -0.0160(8)
10 0 -0.0217(3) -0.0344(5) 0.0024(7) 0.0120(3) -0.0133(6)
T  xsin2 ysin2 zsin2 Xcos2 ycos2 7c0s2
Ba 175  0.0058(3) -0.00408(5) -0.00556(15)  -0.0038(4) 0 0.00245(14)
100 0 -0.00312(9) -0.00106(13)  -0.00508(17)  0.00403(7) 0.00597(9)
35 0 -0.00611(3) -0.00495(10)  -0.00358(19) O 0.00356(8)
Bal 10 -0.0112(6) 0 0 0 -0.00380(7) 0
Ba2 10 0.0071(7) 0 -0.0271(10) -0.0088(7) 0.0059(3) 0
Mn 175 0 -0.00148(13) 0 0 0 0.0016(3)
100 -0.00218(10)  0.00170(18) 0 0.00228(7) 0.00198(19)
35 0 -0.00492(7) 0 0 0 0.00439(19)
10 0 -0.00443(7) 0 0 0.00068(11)  0.00418(13)
F1 100 0 0.0024(3) -0.0066(7) 0 -0.0028(3) 0
35 0 0.0050(3) -0.0077(8) 0 -0.0015(3) -0.0074(8)
10 0 0.0046(2) -0.0080(5) 0 -0.0018(2) -0.0054(5)
F2 175 0 -0.0022(5) 0 0 0
100 0 0 0.0048(7) 0 0.0027(3) 0
35 0 -0.0038(3) 0.0040(8) 0 0.0018(3) 0.0071(8)
10 0 -0.0034(2) 0.0039(5) 0 0.0024(2) 0.0093(5)
F3 175 0 0.0019(6) -0.0060(12) 0 0 0
100 0 0.0043(3) -0.0029(7) -0.0088(16) 0 0
35 0 0.0028(3) 0 0 0.0053(3) -0.0059(8)
10 0 0.0035(2) 0 0 0.0045(2) -0.0055(5)
F4 175 0 0.0029(6) 0 0 0 0
100 0 0.0034(4) -0.0053(8) 0 -0.0028(3) 0
35 0 0.0046(3) -0.0049(8) 0 0 0
10 0 0.0048(3) -0.0039(5) 0 0 0
T  xsin3 ysin3 zsin3 Xcos3 ycos3 zcos3
Ba 35 - - - -0.00294(19) - -
F4 35 -0.0119(15) - - - - -
T Crenel function ox4 x40
Bal 10K 0.644(3) 0.4311(11)
Ba2 10K 0.356(3) 0.9524(11)

Fixed for definition of origin.
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Figure 1

Reconstruction of the (h k 0.39)-plane of BaMnF;. First order satellite reflections of the two twin individuals are shown.
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