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Table 1: Crystal structure data of Coz.22Crg.7802BO3 Ludwigite

Empirical formula Co09.99Cr.7802B0O3
Formula weight 262.18
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
Space group Pbam
Unit cell dimensions
a = 90° a=9.3170(5) A
B =90° b=12.1435(6) A
v =90° c=3.0185(2) A
Volume 341.52(3) A3
Z 4
Density (calculated) 5.099 mg/m?
Absorption coefficient 12.979 mm™!
F(000) 495
Crystal size 0.121 x 0.020 x 0.019 mm?
Theta range for data collection 2.756 to 34.140°
Index ranges -13>h>14
-19>k>19
-4>1>4
Reflections collected 10780
Independent reflections 817 [R(int)=0.0600]
Completeness to theta=25.242° 99.7 %
Absorption correction Numerical Mu Calculated
Max. and min. transmission 0.91671 and 0.68744
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 817 /0 / 60
Goodness-of-fit on F? 1.150
Final R indices [I>2sigma(I)] R1 = 0.0277, wR2 = 0.0515
R indices (all data) R1 = 0.0442, wR2 = 0.0618
Extinction coefficient 0.0052(9)
Largest diff. peak and hole 1.841 and -1.380 e.A—3

Table 2: Atomic coordinates and equivalent isotropic displacement parameters (A2><103) for single crystal of Cogz.22Crg.7802BO3
Ludwigite. U(eq) is defined as one third of the trace of the orthogonalized U% tensor.

Ton (site) X y z Occu | Uleq)
Co(1) 0.5000 0.5000 1.0000 | 1.000 | 7(1)
Co(2) 0.5000 0 0.5000 | 0.790 | 7(1)
Cr(2) 0.5000 0 0.5000 | 0.210 | 7(1)
Co(3) | 0.4981(1) | 0.2217(1) | 1.0000 | 1.000 | 7(1)
Co(4) | 0.7403(1) | 0.3863(1) | 0.5 | 0.330 | 6(1)
Cr(4) | 0.7403(1) | 0.3863(1) | 0.5 | 0.670 | 6(1)
O(1) | 0.3819(3) | 0.0775(2) | 1.0 | 1.000 | 9(1)
0(2) | 0.6095(3) | 0.3578(2) | 1.0000 | 1.000 | 8(1)
0(3) | 0.6212(3) | 0.1397(2) | 0.5000 | 1.000 | 9(1)
O(4) | 0.6546(3) | 0.5411(2) | 0.5000 | 1.000 | 10(1)
O(5) | 0.8416(3) | 0.2376(2) | 0.5000 | 1.000 | 9(1)
B(1) | 0.7316(4) | 0.6374(4) | 0.5000 | 1.000 | 5(1)




Table 3: Phases identification obtained from Rietveld refinement of Coz_;Cr;O2BO3 Ludwigites. The phase identification were
performed using Fullprof and EVA software [T} 2].

Empirical formula | ludwigite | CoO | Co304 | CoCrsOy
COQ_QCI‘OJOQBOB 9767% 233% - -

COQ_SCrO_QOQBog 9401% 599% - -

C02_7Cf0_302B03 100% - -
COQ'GCI'O.ZLOQBOB 9595% 1.93% 2.12% -
C02,5CI‘0,502B03 9885% 090% 1.34% -
002_401‘0,602]303 95.01% 053% 446% -
COQ_3CI‘0_7OQB03 9872% - - 128%

COQ_QCl"o_gOQBOg 9433% - - 567%
COQ,lcrO.QOQBOi; 9401% - - 599%
COQ'QCI']_,OOQBOB 91.56% - - 844%

Table 4: Crystallographic data obtained through Rietveld refinement of Coz_,Cr, O2B0O3 Ludwigites.

Stoichiometric a b c Volume | M. Mass | R, | Ruyp | Reap Chi?
formula (A) (A) (A) (A3) (g/mol)
Co302BO3 [3] 9.302 11.957 | 2.972 | 330.55 267.59

C02.91Crp.09002B03 | 9.2941 | 11.9702 | 2.9778 | 331.58 266.90 1.84 | 2.64 | 1.09 | 5.86
Co02.80Cr.2002B0O3 | 9.2876 | 12.0007 | 2.9893 | 333.85 266.20 1.99 | 2.61 | 1.80 | 2.09
Co9.79Cr.2802B0O3 | 9.2858 | 12.0303 | 2.9969 | 335.09 265.58 1.90 | 244 | 1.84 | 1.75
Co2.63Crp.35702BO3 | 9.2891 | 12.0653 | 3.0062 | 336.92 264.81 1.54 | 2.05 | 1.15 | 3.18
Co2.50Crp.5002B0O3 | 9.2934 | 12.0847 | 3.0097 | 338.01 264.12 1.70 | 2.17 | 1.75 | 1.54
Co2.37Crp6302B03 | 9.2986 | 12.1161 | 3.0154 | 339.72 263.85 2.06 | 2.63 | 1.94 | 1.84
Co02.27Crp.7302B0O3 | 9.3035 | 12.1247 | 3.0171 | 340.33 262.73 1751220 | 1.89 | 1.35
COQ_QOCI‘O.gOOQBOg 9.3083 12.138 3.0193 341.13 262.04 1.69 2.11 1.87 1.28
Co02.00Crp.9102B0O3 | 9.3154 | 12.1556 | 3.0227 | 342.27 261.34 1.64 | 2.05 | 1.75 | 1.37
C02.02Crp.9s02B0O3 | 9.3205 | 12.164 | 3.0237 | 342.81 260.65 1.77 | 223 | 1.90 | 1.38




Table 5: Expressions for calculation the superexchange integrals J) and weight of each type of the interacting pair in Jy.

Jx | Interacting pair Expression weight
J1 Co**-Co?* JCOz+[ She + 2¢2] 1
Jo Co?t-Co?* 5 [PJcoe + bCJC(,2+ — 2bcApdoge+]sin(y) 1
Co?t-Co** 5 [(55be) Jo o+ —|— (Zbc+c )J002+ — (5be + 2bc + %)(Apdcow + Apdeys+)] | 0.225
J3 Co*t-Co3+ g[(g‘]@,g+ + (§be + be) Jeg — (Gbe + 2be + ) (Apdoges + Apdeyst )] 0.67
Co?**-Co?* 5[(82bc + 3be + ¢ )Jco2+ — (8bc+ be + S ) Apdooe+] 0.105
Co**-Co?* T 5 Jcor+ [2be + 2¢7] 0.624
Ja Co*T-Cr3t s[?Joor — (gbc + ¢? + 2bc) (Apdcgz+ + Apdgys+] 0.331
Cr3T-Cr3t é[%JCTSJr + 4beJ s+ — 462Apdcrs+)] 0.044
I Co?*-Co?* é[(%bc + 2bc + ) Jop2+ — (3be + be)(QApdCOH)} 0.79
Co?t-Cr3+ %[%c Joo2+ + ( bc + bc)JCT;H — (%bc + 2bc 4 5 ) (Apdcoe+ + Apdeyst)] 0.21
Co?T-Co*t 12[20 JCOH + (8 bc)Jcoa+ — (560)(Apdcoer + UApdcyst)] 0.178
I Co?F-Co3F [ J002+ - ( be + ¢ + 2be) (Apdcye+ + Apdegst)] 0.545
Cr3t-Cr3t [( bCJCr3+ + 4beJ s+ — 4C2Apdcra+)] 0.141
Cr3t-Co?t %[CQJCOWr (BbC + 2bC)JCT3+ - ( be + % + QbC)(ApdCO2+ + Apdcrs+) 0.047
Co?Ft-Co?t %[(gbc + 2bc + c )JC02+ — (ébc + 2bc)2Apd 2+ ] 0.083
J7 Co**-Co?* s Jcort [%bc +2¢%] 1
Co?T-Co** 5[ Joor+ + chCOs+ — 3bc(Apdc2+ + Apdeys+)]sin y 0.225
Jg Co?*-Cr3t sl Joorr + chcT3+ - bc(ApdCoz+ + Apdg,s+)]sin vy 0.67
Co*T-Co?T < [(bc + CZ)JCO2+ — 20c2Apdg 2+ ]sin vy 0.105
Co?T-Co** é[(%b VJoos+ + ( be + CQ)J002+ — (%bC—F g)(Apdconr + Apdcs+ )} 0.225
Jo Co?t-Cr3+ %[%CZJCOH + (%bC)JCTS‘F - (%bc + %)(Apdcowr + Apdc,s+)] 0.67
Co?*-Co** 51(3Bbe+ S ) ooz — (Hbe+ S)Apdye+] 0.105
Co?T-Co®* 5[ Jcozr — (207 + ) (Apdcyz+ + Apdogs+)][cos 1| 0.178
CoZF-Cr3t s[*Jooer + (%’bQ)JCTH — 2(Apdcoe+ + Apdeyst)]|cos ] 0.545
J10 Cr3T-Cr3+ :[(=4¢® Apd,a+ )][cos af 0.141
Crit-Co3t %[ Joos+ + (18b Yo+ — ¢ (Apdc()3+ + Apdc,a+ HCOS 'y| 0.047
Co?T-Co** g[c Joort — (2 0%)2Apdcy2+]cos 7] 0.083
Cr?t-Co®* 5[ Jconr + (3be)Jopar — (%bc + ) (Apdegst + Apdeyst)] 0.302
Co3T-Co®* 512 Joorr — (2be)Apdc e+ ] 0.501
' Cr3t-Cr3t s [B2bcdoyar — 4 Apdoyat] 0.449
CoZFt-Co?t — 5[5 bcApdcoe+] 0.011
CoZF-Cr3t %[202J002+ + (%bC)JcrH — (%bc)(Apdconr + Apdc,a+)] 0.141
Co?T-Co>* 51 ooz — (Fbe) (Apdeyz+ + Apde g )] 0.047
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