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Table 1. Temperature dependence of the refined structural parameters of Pb4Fe3O8Cl: Space group P4/mmm, Uiso in Å2.

Atom

(x,y,z)

T (K)



10
150
295
400
450
500
520
540
560
580
590
600
650

Pb(1)
(½,½, z)
Uiso
0.14(3)
0.37(4)
0.77(3)
1.10(5)
1.32(5)
1.42(6)
1.56(6)
1.52(6)
1.60(6)
1.70(6)
1.72(7)
1.78(7)
1.93(7)



z
0.1192(1)
0.1198(1)
0.1197(1)
0.1204(2)
0.1204(2)
0.1204(2)
0.1206(2)
0.1207(2)
0.1207(2)
0.1209(2)
0.1209(2)
0.1209(2)
0.1209(2)

Pb(2)
(½,½,z)
Uiso
0.20(3)
0.49(4)
1.09(3)
1.61(6)
1.68(6)
1.97(7)
2.07(7)
2.18(7)
2.27(7)
2.39(8)
2.46(8)
2.44(8)
2.75(9)



z
0.3790(1)
0.3792(1)
0.3800(1)
0.3803(2)
0.3803(2)
0.3802(2)
0.3804(2)
0.3805(2)
0.3807(2)
0.3806(2)
0.3804(2)
0.3804(2)
0.3808(2)

Fe(1)
(0,0,z)
Uiso
0.19(3)
0.28(4)
0.56(3)
0.86(5)
0.84(5)
0.98(5)
0.99(5)
1.10(5)
1.09(6)
1.25(6)
1.21(6)
1.16(6)
1.21(6)



z
0.2437(1)
0.2437(1)
0.2443(1)
0.2444(2)
0.2445(2)
0.2444(2)
0.2445(2)
0.2444(2)
0.2446(2)
0.2441(2)
0.2443(2)
0.2442(2)
0.2444(2)

Fe(2)
(0,0,½)
Uiso
0.35(4)
0.40(5)
0.54(4)
0.77(7)
0.84(7)
1.01(8)
1.01(7)
1.11(7)
1.14(8)
1.23(8)
1.26(8)
1.37(8)
1.44(9)

O(1)
(0,½,z)
Uiso
0.46(3)
0.64(4)
0.87(3)
1.13(5)
1.32(5)
1.42(6)
1.49(6)
1.52(6)
1.63(6)
1.72(6)
1.69(6)
1.73(8)
1.88(7)



z
0.2105(1)
0.2109(1)
0.2100(1)
0.2113(2)
0.2115(2)
0.2113(2)
0.2117(2)
0.2116(2)
0.2116(2)
0.2118(2)
0.2118(2)
0.2119(2)
0.2123(2)

O(2)
(0,0,z)
Uiso
0.63(4)
1.31(6)
1.33(5)
1.71(8)
1.76(8)
2.06(9)
2.16(9)
2.18(9)
2.30(9)
2.52(9)
2.48(10)
2.56(10)
2.78(10)



z
0.3670(2)
0.3657(2)
0.3669(2)
0.3666(3)
0.3664(3)
0.3667(4)
0.3662(3)
0.3660(3)
0.3666(4)
0.3665(4)
0.3659(4)
0.3662(4)
0.3661(4)

O(3)
(x,½,½)
Uiso
0.35(5)
0.84(8)
0.89(6)
1.13(10)
1.18(11)
1.40(12)
1.45(12)
1.56(12)
1.50(13)
1.56(13)
1.67(13)
1.64(13)
1.94(14)



x
0.1137(7)
0.1106(9)
0.1069(8)
0.1013(10)
0.1012(11)
0.1036(12)
0.1003(12)
0.1011(12)
0.0994(12)
0.0933(12)
0.0976(12)
0.0986(13)
0.0954(13)



n
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Cl
(0,0,0)
Uiso
0.51(4)
0.92(6)
1.51(6)
2.71(10)
3.11(11)
3.32(12)
3.54(12)
3.80(13)
3.71(13)
3.78(13)
3.84(14)
3.94(14)
4.04(15)

a (Å)
3.9050(1)
3.9086(1)
3.9148(1)
3.9208(1)
3.9236(1)
3.9272(1)
3.9282(1)
3.9294(1)
3.9312(1)
3.9327(1)
3.9336(1)
3.9344(1)
3.9368(1)

c (Å)
15.2520(2)
15.2732(3)
15.3088(3)
15.3406(3)
15.3555(3)
15.3730(3)
15.3788(3)
15.3853(3)
15.3936(3)
15.4013(3)
15.4063(3)
15.4095(3)
15.4238(3)

B)
3.94(3)
3.85(3)
3.55(3)
3.12(3)
2.88(4)
2.59(5)
2.42(5)
2.28(5)
2.07(7)
1.65(10)
0.64(12)
0.45(15)
0.0

Rp
4.30
5.48
4.76
5.63
5.63
6.17
5.82
5.78
6.04
5.93
6.16
6.10
6.04

Rwp
8.00
7.37
6.40
8.05
7.91
8.62
8.14
8.00
8.34
8.18
8.35
8.44
8.32

2
2.81
2.40
1.35
2.32
2.24
2.65
2.35
2.27
2.46
2.37
2.47
2.52
2.45

Table 2. Temperature dependence of the refined structural parameters of Pb4Fe3O8Br: Space group P4/mmm, Uiso in Å2.
Atom

(x,y,z)

T (K)



10
150
295
400
450
500
520
540
560
580
600
650

Pb(1)
(½,½, z)
Uiso
0.12(2)
0.39(3)
0.94(3)
1.06(4)
1.18(7)
1.41(5)
1.43(5)
1.51(5)
1.52(6)
1.60(5)
1.75(6)
1.79(6)



z
0.1262(1)
0.1264(1)
0.1268(1)
0.1273(2)
0.1272(3)
0.1273(2)
0.1271(2)
0.1272(2)
0.1274(2)
0.1273(2)
0.1275(2)
0.1275(2)

Pb(2)
(½,½,z)
Uiso
0.14(2)
0.55(3)
1.08(3)
1.59(5)
1.77(8)
2.01(6)
2.18(6)
2.22(6)
2.16(8)
2.32(7)
2.42(7)
2.69(7)



z
0.3818(1)
0.3820(1)
0.3823(1)
0.3822(2)
0.3825(2)
0.3824(2)
0.3824(20
0.3826(2)
0.3830(2)
0.3829(2)
0.3828(2)
0.3832(2)

Fe(1)
(0,0,z)
Uiso
0.23(2)
0.38(3)
0.51(3)
0.65(4)
0.84(7)
0.99(5)
0.99(5)
1.00(5)
1.07(6)
1.15(5)
1.18(5)
1.26(5)



z
0.2484(1)
0.2486(1)
0.2490(1)
0.2488(2)
0.2491(3)
0.2491(2)
0.2489(2)
0.2489(2)
0.2492(2)
0.2493(2)
0.2490(2)
0.2493(2)

Fe(2)
(0,0,½)
Uiso
0.23(3)
0.41(4)
0.52(4)
1.14(6)
0.90(9)
1.03(6)
1.16(6)
1.15(6)
1.09(8)
1.23(7)
1.32(7)
1.37(7)

O(1)
(0,½,z)
Uiso
0.39(3)
0.62(3)
0.90(3)
1.31(5)
1.38(8)
1.57(6)
1.54(6)
1.55(6)
1.60(7)
1.69(6)
1.77(6)
1.94(6)



z
0.2160(1)
0.2162(1)
0.2165(1)
0.2168(2)
0.2165(3)
0.2167(2)
0.2169(2)
0.2168(2)
0.2165(2)
0.2165(2)
0.2166(2)
0.2170(2)

O(2)
(0,0,z)
Uiso
0.60(4)
0.91(4)
1.22(4)
1.60(8)
1.67(11)
1.77(8)
1.87(8)
2.01(8)
2.03(10)
2.19(9)
2.20(9)
2.17(9)



z
0.3691(1)
0.3693(2)
0.3688(2)
0.3697(3)
0.3690(5)
0.3692(3)
0.3688(3)
0.3688(3)
0.3686(4)
0.3687(4)
0.3684(4)
0.3680(4)

O(3)
(x,½,½)
Uiso
0.31(5)
0.47(7)
0.75(7)
1.23(12)
1.21(17)
1.48(12)
1.60(12)
1.42(12)
1.51(15)
1.56(13)
1.61(14)
1.81(14)



x
0.1129(6)
0.1106(7)
0.1052(8)
0.1032(12)
0.1030(17)
0.1004(12)
0.0999(12)
0.0987(12)
0.0961(15)
0.0946(13)
0.0935(13)
0.0908(14)



n
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Br
(0,0,0)
Uiso
0.31(5)
0.82(6)
1.38(7)
1.97(12)
2.3(2)
2.59(14)
2.77(14)
2.61(14)
2.80(18)
2.96(16)
2.91(16)
3.25(17)

a (Å)
3.9139(1)
3.9172(1)
3.9235(1)
3.9284(1)
3.9315(1)
3.9347(1)
3.9364(1)
3.9378(1)
3.9392(1)
3.9407(1)
3.9422(1)
3.9453(1)

c (Å)
15.5091(2)
15.5315(2)
15.5687(2)
15.5944(2)
15.6098(3)
15.6274(3)
15.6359(3)
15.6425(3)
15.6497(3)
15.6572(3)
15.6643(4)
15.6799(4)

B)
4.01(2)
3.96(3)
3.52(3)
3.23(3)
2.98(4)
2.64(5)
2.49(7)
2.33(10)
2.15(15)
1.6(3)
0.5(3)
0.0

Rp
4.49
4.93
5.04
6.26
6.18
6.17
6.14
6.15
6.39
6.46
6.45
6.37

Rwp
6.14
6.68
6.81
8.75
8.60
8.53
8.51
8.53
8.77
8.84
8.89
8.71

2
2.53
1.51
1.56
2.02
1.95
1.91
1.89
1.90
2.00
2.03
2.05
1.96

Table 3. Selected derived bond distances (Å) and angles (°) for Pb4Fe3O8Cl over the T range 10-650 K.

T (K)
Pb(1)-O(1)
Pb(1)-Cl
Pb(2)-O(1)
Pb(2)-O(2)
Pb(2)-O(3)
Fe(1)-O(1)
Fe(1)-O(2)
Fe(2)-O(2)
Fe(2)-O(3)
O(1)-Fe(1)-O(1)
O(3)-Fe(2)-O(3)

10
2.3987(11)
3.3056(8)
3.228(2)
2.7674(2)
2.383(2)/3.024(2)
2.0171(5)
1.881(3)
2.029(3)
2.0023(6)
150.95(12)
154.4(2)

150
2.3989(15)
3.3143(10)
3.230(2)
2.7715(3)
2.392(2)/3.017(3)
2.0177(7)
1.875(4)
2.051(4)
2.0016(8)
151.19(15)
155.0(2)

295
2.4048(15)
3.3198(10)
3.244(2)
2.7753(3)
2.397(2)/3.00(3)
2.0226(7)
1.879(4)
2.037(3)
2.0016(7)
150.83(15)
155.9(2)

400
2.4054(20)
3.3313(14)
3.250(3)
2.7803(4)
2.412(3)/2.989(4)
2.0251(9)
1.875(6)
2.046(4)
2.0002(8)
150.95(20)
157.1(2)

450
2.4097(21)
3.3338(15)
3.251(3)
2.7826(4)
2.414(3)/2.990(4)
2.0262(9)
1.872(6)
2.051(5)
2.0016(8)
151.04(20)
157.1(2)

500
2.4093(23)
3.3376(16)
3.256(3)
2.7847(5)
2.411(4)/3.002(5)
2.0285(10)
1.881(7)
2.049(5)
2.0054(10)
150.94(23)
156.6(3)

520
2.4121(23)
3.3400(16)
3.255(3)
2.7863(5)
2.418(3)/2.990(4)
2.0281(10)
1.871(6)
2.058(5)
2.0032(9)
151.14(22)
157.3(3)

540
2.4118(22)
3.3418(16)
3.257(3)
2.7875(5)
2.416(3)/2.994(4)
2.0285(10)
1.871(6)
2.062(5)
2.0045(9)
151.19(22)
157.1(3)

560
2.4128(24)
3.3439(17)
3.261(4)
2.7883(5)
2.419(4)/2.998(5)
2.0295(10)
1.880(7)
2.054(6)
2.0041(9)
151.18(23)
157.5(3)

580
2.4142(24)
3.3463(17)
3.259(4)
2.7893(6)
2.422(4)/2.990(5)
2.0282(10)
1.885(7)
2.057(6)
2.0048(9)
151.63(23)
157.5(3)

590
2.4136(24)
3.3479(17)
3.264(4)
2.7910(6)
2.424(4)/2.982(5)
2.0299(11)
1.873(7)
2.065(6)
2.0039(9)
151.36(23)
157.9(3)

600
2.4162(25)
3.3480(18)
3.257(4)
2.7906(6)
2.427(4)/2.991(5)
2.0291(11)
1.880(7)
2.062(6)
2.0051(10)
151.61(24)
157.7(3)

650
2.4205(26)
3.3508(18)
3.261(4)
2.7930(6)
2.432(4)/2.979(5)
2.0299(11)
1.877(7)
2.066(6)
2.0039(10)
151.72(24)
158.4(3)

Table 4. Selected derived bond distances (Å) and angles (°) for Pb4Fe3O8CBr over the T range 10-650 K.
T (K)
Pb(1)-O(1)
Pb(1)-Br
Pb(2)-O(1)
Pb(2)-O(2)
Pb(2)-O(3)
Fe(1)-O(1)
Fe(1)-O(2)
Fe(2)-O(2)
Fe(2)-O(3)
O(1)-Fe(1)-O(1)
O(3)-Fe(2)-O(3)

10
2.4025(11)
3.3894(7)
3.231(1)
2.7745(2)
2.378(2)/3.019(2)
2.0202(5)
1.873(3)
2.030(2)
2.0063(5)
151.24(10)
154.51(13)

150
2.4045(13)
3.3948(9)
3.235(2)
2.7769(2)
2.385(2)/3.014(3)
2.0221(6)
1.876(4)
2.020(3)
2.0060(6)
151.21(12)
155.05(16)

295
2.4083(15)
3.4050(11)
3.242(2)
2.7823(3)
2.399(2)/2.999(3)
2.0256(7)
1.866(4)
2.043(3)
2.0047(7)
151.14(14)
156.23(18)

400
2.4092(22)
3.4144(16)
3.242(3)
2.7846(4)
2.409(3)/2.999(4)
2.0264(9)
1.886(6)
2.032(5)
2.0056(9)
151.52(21)
156.67(26)

450
2.4107(22)
3.4153(16)
3.253(3)
2.7879(5)
2.407(3)/2.998(4)
2.0299(10)
1.877(6)
2.043(5)
2.0072(9)
151.12(21)
156.67(25)

500
2.4133(24)
3.4202(17)
3.251(3)
2.7898(5)
2.419(4)/2.993(4)
2.0312(10)
1.878(6)
2.044(5)
2.0066(9)
151.19(22)
157.30(27)

520
2.4172(23)
3.4205(17)
3.253(3)
2.7917(5)
2.420(4)/2.992(4)
2.0309(10)
1.874(6)
2.052(5)
2.0071(9)
151.45(22)
157.41(27)

540
2.4169(24)
3.4224(17)
3.256(3)
2.7928(5)
2.423(4)/2.988(4)
2.0318(10)
1.875(6)
2.053(5)
2.0069(9)
151.41(22)
157.66(27)

560
2.4139(25)
3.4249(18)
3.266(3)
2.7944(6)
2.426(4)/2.978(5)
2.0345(10)
1.871(5)
2.055(6)
2.0057(9)
150.97(23)
158.22(28)

580
2.4151(25)
3.4259(18)
3.267(3)
2.7954(6)
2.431(4)/2.975(5)
2.0361(11)
1.879(7)
2.056(6)
2.0053(10)
150.79(24)
158.57(29)

600
2.4152(26)
3.4288(19)
3.266(4)
2.7966(6)
2.437(4)/2.974(5)
2.0357(11)
1.870(7)
2.061(6)
2.0052(10)
151.06(25)
158.82(29)

650
2.4212(27)
3.4318(19)
3.269(4)
2.8000(6)
2.441(4)/2.964(5)
2.0365(12)
1.861(7)
2.070(6)
2.0049(10)
151.22(260
159.42(31)

