Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2023

Magnetic Order in A Quenched-High-Temperature-Phase of Cu-Doped MnBi
Gina Angelo,® Jeremy G. Philbrick,® Jian Zhang,? Tai Kong,"< Xin Gui ¢*

@ Department of Chemistry, University of Pittsburgh, Pittsburgh, PA, 15260, USA

b Department of Physics, University of Arizona, Tucson, AZ, 85721, USA

¢ Department of Chemistry and Biochemistry, University of Arizona, Tucson, AZ, 85721, USA
4 The Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, CA, 94720, USA

Table of Contents
TADLE ST oottt et e e et e s et e et e e ee e saaeeesaneeesaseeeaaseeeaeseesaeeesarenesaraeenaneesanreesan 2
DL S ettt et e et e e e e e e e e e et e s au et eaaeeeesauee e e aeesaneeesaaeesaneeesaeeeaareeeanteeeaaneanas 4
FAGUIC ST .ottt ettt sttt se st et te s enensens 6
FIGUIE S2 ...ttt b et b et 7
FAGUIC S3 .ottt sttt sttt et et e se b et et e e enensens 8
FIGUIE S ...ttt b et b et b et et n e 9
FAGUIC S5ttt ettt ettt s et ebe e ene e 10
FIGUIE SO...cieee ettt neas 11
FAGUIC STttt ettt ettt se e e e ebe e ene e 12
FIGUIE S8ttt bttt ettt 13



Table S1. Atomic coordinates and equivalent isotropic displacement parameters for Cu,Mn;_Bi

at 150 (2) K. (U,, is defined as one-third of the trace of the orthogonalized U;; tensor (A?))

Cuyg.032yMng 972)Big.99(1):

Atom Wyck. Occ. X y Z U,,
Bil 6h 1 0.2946 (1)  0.1473 (1) 7 0.0129 (1)
Bi2 2¢ 0.843 (3) '/ /s Ys 0.0102 (2)
Bi3 6h 0.036 (1) 0.2275(5)  0.7725 (5) Vs 0.036 (1)
Mnl  6g 1 Y 0 0 0.0134 (3)
Mn2  2d 0.67 (6) /s Ys Vs 0.014 (1)
Cul 2d 0.10 (6) %/ '/ Vs 0.014 (1)
Mn3 4f 0.1156 ?/s Ys 0.138 (4) 0.014 (1)
Cuy.0402)Mng 96(2)Big.99(1):
Atom Wyck. Occ. X y Z U,
Bil 6h 1 0.8527 (1)  0.1473 (1) v, 0.0129 (2)
Bi2 2¢ 0.820 (4) /s /s Y4 0.0106 (3)
Bi3 6h 0.040 (1) 0.2280 (6)  0.7720 (6) Vs 0.0106 (5)
Mnl  6g 1 v 0 0 0.0138 (3)
Mn2  2d 0.49 (7) U Ys Vs 0.008 (2)
Cul 2d 0.16 (7) */s /s Y4 0.008 (2)
Mn3 4f 0.176 ?/s Ys 0.152 (2) 0.008 (2)
Cuy.0802yMng 92(2)Big.99(1):
Atom Wyck. Occ. X y b4 U,
Bil 6h 1 0.7055 (1)  0.8527 (1) V4 0.0140 (2)
Bi2 2d 0.820 (4) '/ */3 Y, 0.0118 (3)
Bi3 6h  0.0414(13)  0.458(1) 0.229 (1) Vs 0.0118 (3)
Mnl  6g 1 Y 0 0 0.0143 (3)
Mn2  2c 0.41 (8) ?/s Ys Va 0.018 (2)
Cul 2¢ 0.31 (8) %/ '/ Y4 0.018 (2)
Mn3 4f 0.1363 */s Y/ 0.144 (4) 0.018 (2)
Cug.114yMng 894)Big.99(1):
Atom Wyck. Occ. X y Z U,
Bil 6h 1 0.2947 (1)  0.1473 (1) v, 0.0149 (2)
Bi2 2¢ 0.799 (3) s */s v, 0.0129 (2)
Bi3 6h  0.0489 (1)  0.5409 (7)  0.7705 (3) v, 0.0129 (3)
Mnl  6g 0.92 (3) v 0 0 0.0160 (4)
Cul 6g 0.08 (3) v 0 0 0.0160 (4)
Mn2  2d 0.43 (5) */3 Yy Y4 0.014 (1)
Cu2 2d 0.21 (5) /s Y Va 0.014 (1)
Mn3 4f 0.1808 ’/s Yy 0.148 (2) 0.014 (1)




Cug.14¢7yMng 86(7)Big.99(1):

Atom Wyck. Occ. X y z U,,
Bil 6h 1 0.2960 (1)  0.1480 (1) Vs 0.0151 (3)
Bi2 2¢ 0.738 (5) /s ?/s Ys 0.0143 (4)
Bi3 6h 0.074 (2) 0.5389(9)  0.7694 (5) Vs 0.0143 (6)
Mnl  6g 0.88 (6) v 0 0 0.0165 (8)
Cul 6g 0.12 (6) v 0 0 0.0165 (8)
Mn2  2d 0.25 (9) */s Yy Y, 0.017 (5)
Cu2 2d 0.20 (9) %/ Ys Va 0.017 (5)
Mn3 4f 0.2754 2/s /s 0.154 (3) 0.017 (5)




Table S2. Anisotropic thermal displacement parameters for Cu,Mn;Bi at 150 (2) K.

Cuyg.032yMng 972)Big.99(1):

Atom U11 Uzz U33 U]z
Bil 00101 (2) 0.0128(2) 0.0148(2) -0.0000 (1) 0.0050 (1)
Bi2  0.0091(2) 0.0091(2) 0.0123(3) 0.0046 (1)
Bi3  0.0091(5) 0.0091(5) 0.0123(2) 0.0046 (3)
Mnl  0.0148(6) 0.0167(6) 0.0094(5) 0.0021(4) 0.0006(4)  0.0083 (5)
Mn2  0.0095(8) 0.0095(8) 0.024 (2) 0.0048 (4)
Cul  0.0095(8) 0.0095(8) 0.024(2) 0.0048 (4)
Mn3  0.0095(8) 0.0095(8) 0.024 (2) 0.0048 (4)
Cuy.042)Mny 96(2)B10.99(1):
Atom U11 U22 U33 U12
Bil _ 00118(2) 0.0118(2) 0.0173(2) 0.0000 (1) 0.0000(1) _ 0.0075 (2)
Bi2  0.0076(3) 0.0076(3) 0.0165 (4) 0.0038 (2)
Bi3  0.0076(6) 0.0076(6) 0.0165 (3) 0.0038 (3)
Mnl  00135(7) 0.0161(7) 0.0127(7) 0.0019(5) 0.0012(5)  0.0081 (6)
Mn2  0.009(1)  0.009(1) 0.008 (3) 0.0042 (5)
Cul  0.009(1) 0.009(1) 0.008 (3) 0.0042 (5)
Mn3  0.009(1)  0.009(1) 0.008 (3) 0.0042 (5)
Cuy.0802yMng 92(2)Big.99(1):
Atom U11 U22 U33 U12
Bil _ 0.0100(2) 0.0134(2) 00175(3) 0.0001 (1) 0.0050 (1)
Bi2  0.0091(3) 0.0091 (3) 0.0172 (4) 0.0045 (2)
Bi3  0.0091(7) 0.0091(7) 0.0172(3) 0.0045 (3)
Mnl  0.0140(7) 0.0170(8) 0.0130(8) -0.0022(5) -0.0009(5)  0.0087 (6)
Mn2  0.010(1)  0.010(1) 0.034(3) 0.0051 (6)
Cul  0.010(1) 0.010(1) 0.034(3) 0.0051 (6)
Mn3  0.010(1)  0.010(1) 0.034(3) 0.0051 (6)
Cuy.114Mng 394)Big.991):
Atom Ull Uzz U33 U12
Bil _ 0.0109(2) 0.0148 (1) 0.0176(2) 0.0000 (1) 0.0055 (1)
Bi2  0.0101(2) 0.0101(2) 0.0185(3) 0.0051 (1)
Bi3 0.0101 (4) 0.0101 (4) 0.0185(2) 0.0051 (2)
Mnl  0.0164(6) 0.0193(6) 0.0137(6) 0.0023(4) 0.0013(4)  0.0099 (4)
Cul  00164(6) 0.0193(6) 0.0137(6) 0.0023(4) 0.0013(4)  0.0099 (4)
Mn2  0.0103(7) 0.0103(7) 0.020(2) 0.0052 (4)
Cu2  00103(7) 0.0103(7) 0.020 (2) 0.0052 (4)
Mn3  0.0103(7) 0.0103(7) 0.020(2) 0.0052 (4)




Cug.14¢7yMng 86(7)Big.99(1):

Atom Un Uy, Uss Uss Uss Ui,

Bil _ 0.0088(4) 0.0135(3) 0.0214(4) -0.0001(2) 0 0.0044 (2)
Bi2  0.0090(5) 0.0090(5) 0.0251 (7) 0 0 0.0045 (3)
Bi3  0.0090(5) 0.0090(5) 0.0251 (7) 0 0 0.0045 (3)
Mnl  0016(1) 0.020(1) 0016(1) 0.004(1) 0.002(1)  0.011(1)
Cul 0.016 (1) 0.020 (1) 0.016 (1) 0.004 (1) 0.002 (1) 0.011 (1)
Mn2  0.009(2)  0.009(2) 0.033(16) 0 0 0.003 (1)
Cu2  0.009(2)  0.009(2) 0.033(16) 0 0 0.003 (1)
Mn3  0.009(2)  0.009(2) 0.033(16) 0 0 0.003 (1)




Figure S1. Single crystal X-ray diffraction patterns from (0kl), (hOl) and (hkO) planes for

Cuy.032yMnyg 972)Bi0.99(1).
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Figure S2. Single crystal X-ray diffraction patterns from (0kl), (hOl) and (hkO) planes for

Cug.042)Mng 96(2)B10.99(1).-
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Figure S3. Single crystal X-ray diffraction patterns from (0kl), (hOl) and (hkO) planes for

Cuy.08(2yMng 92(2)B1g.99(1).
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Figure S4. Single crystal X-ray diffraction patterns from (0kl), (hOl) and (hkO) planes for
Cug.114yMng 894)Big.99(1).
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Figure S5. Single crystal X-ray diffraction patterns from (0kl), (hOl) and (hkO) planes for
Cug.14¢7yMnyg 86(7yBi0.99(1).
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Figure S6. Comparison of powder XRD patterns for CuyMn;_Bi and reported QHTP-MnBi.

T T T T — y
— 3% —_
j 5 (401) (222)(203)
s o EM
= o >
i —11% % o ol
Ly SN —— 14% SR I S
E LY i f'\,‘;,‘gﬁ“kzl U E SO i SRS N 0 e O,
\(002) (112) p(022 QHTP-MHBI (221) 5 (132)/\n,
30 32 34 36 38 4 50 52 54
=
8,
= |
=
C
2 — J
= \
|
, ] | P x
Bi
L) I L} l L} I L] l T
10 20 30 40 50 60
26 (°)

11



Figure S7. Temperature-dependent heat capacity (C,) of Cug0sMng 96Big 9.
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Figure S8. The first derivative of ¥T vs T
Cug.14nMnyg 36(7)Big.99(1).-

curves for (a) Cu0.11(4)Mn0,89(4)Bi0_99(1) and (b)
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