
S1 

Supporting Information 

 

Leonard C. Pasqualini and Hubert Huppertz* 

High-pressure synthesis of borate-nitrates: crystal structure of 

M3B7O13(NO3) (M = Co2+, Ni2+, Cu2+, Zn2+, Cd2+) 

 

https://doi.org/10.1515/znb-2022-0106. Received July 18, 2022; accepted August 7, 2022 

*Corresponding author: Prof. Dr. Hubert Huppertz, Institut für Allgemeine, 

Anorganische und Theoretische Chemie, Universität Innsbruck, Innrain 80–82, 6020 

Innsbruck, Austria, Fax: +43 (512) 507-57099, E-mail: hubert.huppertz@uibk.ac.at 

Leonard Pasqualini, MSc: Institut für Allgemeine, Anorganische und Theoretische Chemie, 

Universität Innsbruck, Innrain 80–82, 6020 Innsbruck, Austria  

 

 

 

 

 

Table of Contents 

Structural Analyses S2 

 



S2 

Structural Analyses 

 

Table S1: Atomic coordinates, equivalent isotropic displacement parameters Ueq (Å
2), and occupancy 

factors of Cd3B7O13(NO3). Ueq is defined as one third of the trace of the orthogonalized Uij tensor 

(standard deviations in parentheses). All atoms reside on Wyckoff positions 4a. 

Atom x y z Ueq Occupancy factors 

Cd1 0.99147(2) 0.98253(2) 0.65086(2) 0.00407(5) 1
Cd2 0.99515(2) 0.51796(2) 0.63901(2) 0.00401(5) 1
Cd3 0.25443(2) 0.74880(2) 0.88157(3) 0.00425(3) 1

B1 0.9983(5) 0.997(2) 0.8957(4) 0.0028(6) 1
B2 0.9955(4) 0.504(2) 0.8867(5) 0.0031(5) 1
B3 0.9489(3) 0.7490(2) 0.9903(2) 0.0037(3) 1
B4 0.7409(2) 0.9015(3) 0.8137(2) 0.0030(3) 1
B5 0.7417(3) 0.7544(3) 0.6374(6) 0.0036(5) 1
B6 0.7382(2) 0.6001(3) 0.8098(2) 0.0032(3) 1
B7 0.5925(3) 0.7493(2) 0.9616(2) 0.0027(3) 1
O1 0.9698(2) 0.9038(2) 0.9931(2) 0.0038(2) 1
O2 0.8987(2) 0.9430(2) 0.8107(2) 0.0033(2) 1
O3 0.8549(2) 0.8118(2) 0.5629(2) 0.0033(2) 1
O4 0.8349(2) 0.4885(2) 0.8629(2) 0.0032(2) 1
O5 0.8034(2) 0.6388(2) 0.7080(2) 0.0034(2) 1
O6 0.7183(2) 0.7496(2) 0.8758(2) 0.0028(2) 1
O7 0.6879(2) 0.8814(2) 0.7033(2) 0.0034(2) 1
O8 0.6218(2) 0.6804(2) 0.5734(2) 0.0038(2) 1
O9 0.5894(2) 0.5340(2) 0.7956(2) 0.0033(2) 1
O10 0.5396(2) 0.5945(2) 0.9750(2) 0.0030(2) 1
O11 0.5230(2) 0.3339(2) 0.9148(2) 0.0034(2) 1
O12 0.4704(2) 0.8449(2) 0.9236(2) 0.0034(2) 1
O13 0.1545(2) 0.9800(2) 0.8655(2) 0.0030(2) 1
N1 0.7535(2) 0.2733(2) 0.6510(3) 0.0058(4) 1
O14 0.7629(5) 0.3588(5) 0.5718(4) 0.0104(9) 0.659(4) 
O14A 0.7787(9) 0.345(2) 0.5687(7) 0.008(2) 0.341(4) 
O15 0.6282(5) 0.2460(5) 0.6920(4) 0.0071(9) 0.659(4) 
O15A 0.620(2) 0.2500(8) 0.6778(7) 0.006(2) 0.341(4) 
O16 0.8678(5) 0.2321(5) 0.6989(4) 0.0083(8) 0.659(4) 
O16A 0.8566(9) 0.213(2) 0.7033(7) 0.008(2) 0.341(4) 
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Table S2: Anisotropic displacement parameters Uij (Å
2) of Cd3B7O13(NO3) (standard deviations in 

parentheses). 

Atom U11 U22 U33 U12 U13 U23 

Cd1 0.00502(6) 0.00452(7) 0.0027(2) –0.00171(4) –0.00009(6) 0.00009(5) 
Cd2 0.00485(6) 0.00491(7) 0.0023(2) 0.00187(4) –0.00019(5) –0.00026(6) 
Cd3 0.00302(5) 0.00308(5) 0.00667(7) –0.00003(4) 0.00009(6) –0.00020(5) 
B1 0.0025(9) 0.004(2) 0.001(2) 0.0000(6) 0.0004(5) 0.0003(8) 
B2 0.0019(8) 0.004(2) 0.003(2) 0.0003(7) 0.0004(7) 0.000(2) 
B3 0.0047(8) 0.0034(9) 0.0031(9) 0.0001(5) 0.0005(7) –0.0007(6) 
B4 0.0041(7) 0.0028(8) 0.0022(9) –0.0006(6) 0.0005(6) –0.0007(6) 
B5 0.0044(8) 0.0035(7) 0.003(2) –0.0002(7) 0.000(2) 0.0006(7) 
B6 0.0041(7) 0.0042(8) 0.0014(9) –0.0004(6) 0.0003(6) 0.0004(6) 
B7 0.0030(8) 0.0025(8) 0.0027(8) 0.0000(6) –0.0001(6) 0.0000(6) 
O1 0.0068(6) 0.0024(5) 0.0020(6) –0.0003(4) 0.0007(4) 0.0001(4) 
O2 0.0028(5) 0.0056(6) 0.0016(6) –0.0011(4) 0.0000(4) –0.0005(5) 
O3 0.0042(5) 0.0045(6) 0.0012(5) –0.0005(4) 0.0009(4) –0.0011(5) 
O4 0.0031(5) 0.0023(5) 0.0042(6) 0.0002(4) –0.0008(4) 0.0013(4) 
O5 0.0035(5) 0.0043(6) 0.0025(6) 0.0015(4) 0.0004(4) 0.0007(5) 
O6 0.0038(6) 0.0014(5) 0.0032(7) 0.0001(4) 0.0007(8) 0.0000(4) 
O7 0.0044(5) 0.0030(5) 0.0027(6) 0.0011(4) –0.0001(4) –0.0009(5) 
O8 0.0047(5) 0.0038(6) 0.0030(6) –0.0012(4) –0.0010(4) 0.0003(5) 
O9 0.0032(5) 0.0056(6) 0.0010(5) –0.0016(4) –0.0004(4) –0.0004(4) 
O10 0.0047(5) 0.0029(5) 0.0015(5) –0.0006(4) 0.0001(4) 0.0004(4) 
O11 0.0042(6) 0.0023(6) 0.0037(6) 0.0005(4) 0.0012(5) 0.0007(5) 
O12 0.0026(5) 0.0026(6) 0.0050(6) –0.0004(4) –0.0007(4) 0.0009(5) 
O13 0.0027(5) 0.0026(5) 0.0039(6) 0.0006(4) 0.0015(4) 0.0008(5) 
N1 0.0053(7) 0.0071(7) 0.005(2) –0.0002(5) 0.0001(6) –0.0004(7) 



Table S3: Interatomic distances and mean values (Å) in Cd3B7O13NO3 (standard deviations in 

parentheses).
Cd1– O1 2.252(2) B1– O12 1.46(2) 
 O2 2.206(2)  O13 1.464(5) 
 O3 2.237(2)  O2 1.474(6) 
 O7 2.237(2)  O1 1.496(7) 
 O15A 2.378(8) d  B1–O  1.47 
 O16A 2.460(8)    
 O15 2.417(4) B2– O9 1.464(6) 
 O16 2.539(4)  O10 1.465(7) 
d  Cd1–O  2.34  O4 1.483(4) 
    O11 1.49(2) 
Cd2– O5 2.207(2) d  B2–O  1.48 
 O8 2.245(2)    
 O9 2.195(2) B3– O8 1.366(3) 
 O10 2.194(2)  O11 1.372(3) 
 O15A 2.384(8)  O1 1.378(3) 
 O14A 2.628(9) d  B3–O  1.37 
 O15 2.492(4)    
 O14A 2.656(5) B4– O13 1.457(3) 
d  Cd2–O  2.38  O2 1.467(3) 
    O7 1.480(3) 
Cd3– O11 2.247(2)  O6 1.564(3) 
 O12 2.186(2) d  B4–O  1.49 
 O13 2.237(2)    
 O4 2.227(2) B5– O5 1.461(6) 
 O16A 2.449(9)  O3 1.474(5) 
 O14A 2.515(9)  O7 1.476(5) 
 O16 2.522(5)  O8 1.497(5) 
 O14 2.580(5) d  B5–O  1.48 
d  Cd3–O  2.37    
   B6– O5 1.450(3) 
    O9 1.472(3) 
N1– O14 1.253(6)  O4 1.473(3) 
 O15 1.264(5)  O6 1.569(3) 
 O16 1.247(5) d  B6–O  1.49 
d  N1–O  1.25    
   B7– O10 1.455(3) 
N1– O14A 1.234(9)  O12 1.466(3) 
 O15A 1.267(9)  O3 1.468(3) 
 O16A 1.254(9)  O6 1.565(3) 
d  N1–O  1.25 d  B7–O  1.49 
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Table S4: Selected interatomic angles and mean values (deg) in Cd3B7O13NO3 (standard 

deviations in parentheses). 

O2–Cd1–O7 96.59(6) O10–Cd2–O5 96.33(6) O12–Cd3–O4 95.76(5) 
O2–Cd1–O3 97.89(5) O9–Cd2–O5 92.85(6) O12–Cd3–O13 91.52(5) 
O7–Cd1–O1 84.22(6) O10–Cd2–O8 88.03(6) O4–Cd3–O11 90.96(5) 
O3–Cd1–O1 87.01(6) O9–Cd2–O8 88.38(6) O13–Cd3–O11 86.52(5) 
O2–Cd1–O15A 85.3(2) O10–Cd2–O15A 89.8(2) O12–Cd3–O16A 80.5(2) 
O7–Cd1–O15A 92.0(2) O9–Cd2–O15A 79.2(2) O4–Cd3–O16A 84.8(2) 
O3–Cd1–O15A 76.0(2) O5–Cd2–O15A 82.7(2) O13–Cd3–O16A 86.8(2) 
O1–Cd1–O15A 115.7(2) O8–Cd2–O15A 120.3(2) O11–Cd3–O16A 124.3(2) 
O2–Cd1–O15 82.3(2) O10–Cd2–O15 93.7(2) O12–Cd3–O14A 90.3(2) 
O7–Cd1–O15 88.9(2) O9–Cd2–O15 75.4(2) O4–Cd3–O14A 80.2(2) 
O3–Cd1–O15 79.9(2) O5–Cd2–O15 82.4(2) O13–Cd3–O14A 109.7(2) 
O1–Cd1–O15 118.7(2) O8–Cd2–O15 120.3(2) O11–Cd3–O14A 67.0(2) 
O2–Cd1–O16A 72.5(2) O10–Cd2–O14A 75.9(2) O12–Cd3–O16 80.5(2) 
O7–Cd1–O16A 82.4(2) O9–Cd2–O14A 117.9(2) O4–Cd3–O16 80.5(2) 
O3–Cd1–O16A 114.7(2) O5–Cd2–O14A 80.4(2) O13–Cd3–O16 91.1(2) 
O1–Cd1–O16A 86.8(2) O8–Cd2–O14A 78.5(2) O11–Cd3–O16 124.5(2) 
O2–Cd1–O16 75.7(2) O5–Cd2–O14 76.4(2) O12–Cd3–O14 88.4(2) 
O7–Cd1–O16 79.2(2) O10–Cd2–O14 75.5(2) O4–Cd3–O14 76.9(2) 
O3–Cd1–O16 117.4(2) O9–Cd2–O14 118.7(2) O13–Cd3–O14 113.2(2) 
O1–Cd1–O16 83.8(2) O8–Cd2–O14 82.6(2) O11–Cd3–O14 69.6(2) 
a  O–Cd1–O 90.9 a  O–Cd2–O 90.8 a  O–Cd3–O 90.7 
      
O7–Cd1–O3 160.33(6) O10–Cd2–O9 164.67(6) O16–Cd3–O14 153.6(2) 
O2–Cd1–O1 158.98(6) O5–Cd2–O8 156.65(6) O4–Cd3–O13 167.78(7)
O15A–Cd1–O16A 156.2(3) O14–Cd2–O15 154.78(15) O12–Cd3–O11 154.90(7)
O15–Cd1–O16A 152.1(2) O14–Cd2–O15A 152.76(21) O16A–Cd3–O14A 161.5(3) 
O15A–Cd1–O16 157.9(2) O15A–Cd2–O14A 156.4(3) O16A–Cd3–O14 157.4(2) 
O15–Cd1–O16 153.5(2) O15–Cd2–O14A 158.6(2) O14A–Cd3–O16 157.6(2) 
a  O–Cd1–O 156.5 a  O–Cd2–O 157.3 a  O–Cd3–O 158.8 
      
O16–N1–O15 118.9(4) a  O–B1–O 109.5 O8–B3–O11 121.4(2) 
O14–N1–O15 120.0(3) a  O–B2–O 109.5 O8–B3–O1 118.8(2) 
O16–N1–O14 120.3(3) a  O–B4–O 109.5 O11–B3–O1 118.6(2) 
a  O–N1–O 119.7 a  O–B5–O 109.5 a  O–B3–O 119.6 
  a  O–B6–O 109.5   
O14A–N1–O15A 118.8(6) a  O–B7–O 109.5   
O16A–N1–O15A 119.6(6)     
O14A–N1–O16A 121.3(6)     
a  O–N1–O 119.9     
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Table S5: Calculated charge distribution in Cd3B7O13NO3, with the bond-length/bond-

strength (ΣV) and the Chardi (ΣQ) concept. To perform the calculations, we used the structure 

model with unsplit and anisotropically refined oxygen atoms. 

 Cd1 Cd2 Cd3 B1 B2 B3 B4 B5 B6 B7 
ΣV 2.10 2.11 2.06 3.03 3.01 2.99 2.90 3.01 2.91 2.93 
ΣQ 1.96 2.00 1.95 2.96 2.94 3.10 3.07 2.95 3.04 3.06 

 N1 O1 O2 O3 O4 O5 O6 O7 O8 O9 
ΣV 4.90 –2.09 –1.97 –1.93 –1.91 –2.04 –1.77 –1.91 –2.12 –1.99 
ΣQ 4.96 –1.98 –2.00 –2.01 –2.02 –2.00 –1.96 –2.00 –1.98 –2.01 

 O10 O11 O12 O13 O14 O15 O16    
ΣV –2.03 –2.12 –2.01 –1.97 –1.97 –2.07 –2.04    
ΣQ –2.00 –1.99 –2.01 –2.00 –2.02 –2.02 –2.02    
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Table S6: Atomic coordinates, isotropic, and equivalent isotropic displacement parameters 

Ueq (Å
2) of Co3B7O13(NO3), and occupancy factors. Ueq is defined as one third of the trace of 

the orthogonalized Uij tensor (standard deviations in parentheses, only Co and nitrate atoms). 

All atoms reside on Wyckoff positions 4a. 

Atom x y z Uiso/eq Occupancy factors 

Co1 0.00544(7) 0.01465(8) 0.35065(4) 0.0049(2) 1 
Co2 0.00610(7) 0.48248(8) 0.36299(4) 0.0044(2) 1 
Co3 0.74336(9) 0.24977(9) 0.11476(9) 0.0055(2) 1 
B1 0.0017(8) 0.006(2) 0.1059(7) 0.003(2) 1 
B2 0.0066(8) 0.496(2) 0.1144(7) 0.004(2) 1 
B3 0.0494(6) 0.2515(7) 0.0112(5) 0.005(2) 1 
B4 0.2571(6) 0.0949(6) 0.1881(5) 0.003(2) 1 
B5 0.2586(6) 0.2441(8) 0.3637(9) 0.0031(9) 1 
B6 0.2604(6) 0.4044(6) 0.1933(5) 0.004(2) 1 
B7 0.4071(6) 0.2498(7) 0.0379(5) 0.003(2) 1 
O1 0.0347(4) 0.0911(4) 0.0032(3) 0.0024(7) 1 
O2 0.0942(4) 0.0617(4) 0.1977(3) 0.0021(7) 1 
O3 0.1469(3) 0.1739(4) 0.4370(3) 0.0023(7) 1 
O4 0.1705(4) 0.5216(4) 0.1348(3) 0.0018(6) 1 
O5 0.1861(3) 0.3630(4) 0.2941(3) 0.0020(7) 1 
O6 0.2776(4) 0.2512(4) 0.1233(3) 0.0046(7) 1 
O7 0.3247(4) 0.1178(4) 0.2963(3) 0.0025(7) 1 
O8 0.3807(4) 0.3307(4) 0.4270(3) 0.0020(7) 1 
O9 0.4162(4) 0.4604(4) 0.2122(3) 0.0025(7) 1 
O10 0.4556(4) 0.4106(4) 0.0199(3) 0.0023(7) 1 
O11 0.4734(4) 0.6709(4) 0.0930(3) 0.0024(7) 1 
O12 0.5328(3) 0.1598(4) 0.0835(3) 0.0026(7) 1 
O13 0.8373(4) 0.0286(4) 0.1301(3) 0.0026(7) 1 
N1 0.2538(4) 0.7366(5) 0.3525(5) 0.0056(9) 1 
O14 0.2129(7) 0.666(2) 0.4367(6) 0.009(2) 0.80(3) 
O14A 0.208(3) 0.626(4) 0.418(3) 0.013(7) 0.20(3) 
O15 0.395(2) 0.754(2) 0.336(2) 0.001(4) 0.52(4) 
O15A 0.392(2) 0.747(3) 0.326(2) 0.014(6) 0.48(4) 
O16 0.1581(9) 0.785(2) 0.2845(7) 0.005(2) 0.73(4) 
O16A 0.153(3) 0.808(3) 0.301(2) 0.014(6) 0.27(4) 
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Table S7: Anisotropic displacement parameters Uij (Å
2) of Co3B7O13(NO3) (standard 

deviations in parentheses). 

Atom U11 U22 U33 U12 U13 U23 

Co1 0.0058(3) 0.0052(3) 0.0037(5) 0.0005(3) –0.0004(3) –0.0027(3) 
Co2 0.0056(3) 0.0047(3) 0.0029(5) –0.0002(3) –0.0001(3) 0.0030(3) 
Co3 0.0030(3) 0.0028(3) 0.0107(3) –0.0001(2) 0.0003(3) –0.0001(3) 

 



Table S8: Interatomic distances and mean values (Å) in Co3B7O13NO3 (standard deviations in 

parentheses).
Co1– O7 2.051(3) B1– O12 1.46(2) 
 O2 2.060(4)  O2 1.463(9) 
 O1 2.096(4)  O1 1.48(2) 
 O3 2.115(3)  O13 1.483(7) 
 O15 2.20(2) d  B1–O  1.47 
 O16A 2.26(3)    
 O15A 2.28(2) B2– O10 1.467(9) 
 O16 2.500(9)  O4 1.473(7) 
d  Co1–O  2.20  O11 1.47(2) 
    O9 1.48(2) 
Co2– O10 2.037(4) d  B2–O  1.47 
 O5 2.054(3)    
 O9 2.059(4) B3– O11 1.369(6) 
 O8 2.082(3)  O1 1.372(6) 
 O15A 2.23(2)  O8 1.372(7) 
 O14A 2.25(3) d  B3–O  1.37 
 O15 2.25(2)    
 O14 2.554(8) B4– O13 1.447(6) 
d  Co2–O  2.19  O2 1.459(6) 
    O7 1.461(7) 
Co3– O12 2.032(3)  O6 1.556(6) 
 O13 2.059(3) d  B4–O  1.48 
 O4 2.059(3)    
 O11 2.140(3) B5– O3 1.454(9) 
 O16 2.221(9)  O5 1.464(9) 
 O14 2.319(9)  O7 1.470(9) 
 O16A 2.46(3)  O8 1.510(8) 
 O14A 2.66(4) d  B5–O  1.47 
d  Co3–O  2.24    
   B6– O5 1.435(7) 
    O4 1.456(6) 
N1– O14 1.242(8)  O9 1.463(6) 
 O15 1.26(2)  O6 1.563(6) 
 O16 1.248(9) d  B6–O  1.48 
d  N1–O  1.25    
   B7– O10 1.448(6) 
N1– O14A 1.30(3)  O12 1.450(6) 
 O15A 1.26(2)  O3 1.468(7) 
 O16A 1.24(2)  O6 1.540(7) 
d  N1–O  1.27 d  B7–O  1.48 
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Table S9: Selected interatomic angles and mean values (deg) in Co3B7O13NO3 (standard 

deviations in parentheses). 

O2–Co1–O16A 72.0(6) O10–Co2–O14A 75.6(6) O11–Co3–O14 68.4(2) 
O3–Co1–O15 74.1(4) O5–Co2–O14A 77.8(9) O12–Co3–O16 79.7(2) 
O3–Co1–O15A 75.6(5) O5–Co2–O15A 80.2(6) O4–Co3–O14 82.6(2) 
O2–Co1–O15A 82.6(5) O5–Co2–O15 80.4(4) O4–Co3–O16 84.8(2) 
O2–Co1–O15 85.4(5) O9–Co2–O15A 81.6(5) O13–Co3–O11 85.6(2) 
O7–Co1–O1 85.5(2) O8–Co2–O14A 83.6(9) O13–Co3–O16 85.9(2) 
O1–Co1–O3 86.0(2) O9–Co2–O15 85.1(5) O4–Co3–O11 90.5(2) 
O7–Co1–O16A 86.0(6) O10–Co2–O15 86.6(5) O12–Co3–O13 92.1(2) 
O1–Co1–O16A 90.1(6) O9–Co2–O8 87.4(2) O12–Co3–O14 95.2(2) 
O7–Co1–O2 96.0(2) O10–Co2–O8 87.9(2) O12–Co3–O4 95.5(2) 
O2–Co1–O3 96.1(2) O10–Co2–O15A 90.2(5) O13–Co3–O14 107.5(2)
O7–Co1–O15A 96.3(5) O5–Co2–O9 92.5(2) O11–Co3–O16 118.3(2)
O7–Co1–O15 97.2(4) O10–Co2–O5 96.3(2) O11–Co3–O16A 118.7(7)
O3–Co1–O16A 107.1(6) O9–Co2–O14A 116.1(6) O13–Co3–O16A 82.1(7) 
O1–Co1–O15 112.4(5) O8–Co2–O15 120.3(4) O12–Co3–O16A 78.8(7) 
O1–Co1–O15A 115.2(5) O8–Co2–O15A 120.3(6) O4–Co3–O16A 88.8(6) 
O3–Co1–O16 110.3(3) O10–Co2–O14 74.6(2) O11–Co3–O14A 67.2(7) 
O2–Co1–O16 70.0(3) O5–Co2–O14 84.4(2) O13–Co3–O14A 112.4(8)
O7–Co1–O16 83.1(3) O9–Co2–O14 116.2(2) O12–Co3–O14A 97.2(6) 
O1–Co1–O16 92.4(3) O8–Co2–O14 77.1(2) O4–Co3–O14A 77.4(8) 
a  O–Co1–O 90.7 a  O–Co2–O 90.7 a  O–Co3–O 90.4 
      
O15A–Co1–O16 152.3(6) O5–Co2–O8 159.18(13) O12–Co3–O11 161.6(2)
O16A–Co1–O15A 154.7(8) O10–Co2–O9 166.70(13) O4–Co3–O13 166.8(2)
O15–Co1–O16 155.2(5) O14A–Co2–O15 150.0(8) O16–Co3–O14 165.9(3)
O15–Co1–O16A 157.4(7) O15A–Co2–O14A 152.2(9) O14–Co3–O16A 169.0(6)
O2–Co1–O1 161.9(2) O14–Co2–O15 154.3(5) O14A–Co3–O16A 165.3(9)
O7–Co1–O3 164.4(2) O14–Co2–O15A 157.0(6) O14A–Co3–O16 161.6(8)
a  O–Co1–O 157.7 a  O–Co2–O 156.6 a  O–Co3–O 165.0 
      
O14–N1–O15 117.9(9) a  O–B1–O 109.5 O1–B3–O8 118.4(5)
O14–N1–O16 121.0(6) a  O–B2–O 109.5 O11–B3–O1 119.0(4)
O16–N1–O15 121.1(9) a  O–B4–O 109.5 O11–B3–O8 121.8(4)
a  O–N1–O 120.0 a  O–B5–O 109.5 a  O–B3–O 119.7 
  a  O–B6–O 109.5   
O16A–N1–O14A 117(2) a  O–B7–O 109.5   
O15A–N1–O14A 120(2)     
O16A–N1–O15A 121(2)     
a  O–N1–O 119.5     

 

S10 



S11 

 

Table S10: Calculated charge distribution in Co3B7O13NO3, with the bond-length/bond-

strength (ΣV) and the Chardi (ΣQ) concept. To perform the calculations, we used the structure 

model with unsplit and anisotropically refined oxygen atoms. 

 Co1 Co2 Co3 B1 B2 B3 B4 B5 B6 B7 
ΣV 1.76 1.82 1.81 3.06 3.04 3.00 2.99 3.03 3.00 3.01 
ΣQ 1.98 1.99 1.93 2.90 2.92 3.08 3.08 2.91 3.09 3.08 

 N1 O1 O2 O3 O4 O5 O6 O7 O8 O9 
ΣV 4.97 –2.08 –1.94 –1.88 –1.92 –1.99 –1.84 –1.93 –2.03 –1.90 
ΣQ 5.03 –2.12 –2.03 –1.96 –1.99 –2.10 –1.58 –2.02 –2.04 –1.97 

 O10 O11 O12 O13 O14 O15 O16    
ΣV –1.98 –2.06 –2.00 –1.92 –1.95 –2.07 –2.01    
ΣQ –2.06 –2.09 –2.08 –1.99 –1.90 –2.08 –2.00    
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Table S11: Atomic coordinates, equivalent isotropic displacement parameters Ueq (Å
2) of 

Cu3B7O13(NO3), and occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized Uij tensor (standard deviations in parentheses). All atoms reside on Wyckoff 

positions 4a. 

Atom x y z Ueq Occupancy factors 

Cu1 0.99522(3) 0.98770(3) 0.64637(2) 0.00434(6) 1 
Cu2 0.99802(3) 0.51350(3) 0.63971(2) 0.00416(6) 1 
Cu3 0.25158(4) 0.75088(3) 0.88398(4) 0.00474(5) 1 
B1 0.9986(3) 0.9958(6) 0.8936(4) 0.0028(5) 1 
B2 0.9933(3) 0.5005(6) 0.8875(4) 0.0034(4) 1 
B3 0.9492(3) 0.7473(3) 0.9901(2) 0.0043(3) 1 
B4 0.7443(2) 0.9062(3) 0.8126(2) 0.0032(3) 1 
B5 0.7430(2) 0.7549(3) 0.6381(4) 0.0030(3) 1 
B6 0.7393(2) 0.5950(3) 0.8090(2) 0.0031(3) 1 
B7 0.5904(2) 0.7507(3) 0.9652(2) 0.0032(3) 1 
O1 0.9619(2) 0.9093(2) 0.9982(2) 0.0036(2) 1 
O2 0.9080(2) 0.9384(2) 0.7999(2) 0.0027(2) 1 
O3 0.8569(2) 0.8307(2) 0.5660(2) 0.0025(2) 1 
O4 0.8271(2) 0.4738(2) 0.8684(2) 0.0031(2) 1 
O5 0.8182(2) 0.6359(2) 0.7076(2) 0.0028(2) 1 
O6 0.7247(2) 0.7492(2) 0.8797(2) 0.0029(2) 1 
O7 0.6714(2) 0.8808(2) 0.7051(2) 0.0031(2) 1 
O8 0.6222(2) 0.6667(2) 0.5741(2) 0.0036(2) 1 
O9 0.5809(2) 0.5434(2) 0.7884(2) 0.0028(2) 1 
O10 0.5456(2) 0.5887(2) 0.9854(2) 0.0030(2) 1 
O11 0.5280(2) 0.3295(2) 0.9078(2) 0.0035(2) 1 
O12 0.4640(2) 0.8384(2) 0.9156(2) 0.0031(2) 1 
O13 0.1651(2) 0.9698(2) 0.8729(2) 0.0026(2) 1 
N1 0.7498(2) 0.2666(2) 0.6490(3) 0.0063(4) 1 
O14 0.7721(5) 0.3561(5) 0.5684(4) 0.0142(8) 0.665(4) 
O14A 0.782(2) 0.330(2) 0.5608(7) 0.010(2) 0.335(4) 
O15 0.6114(5) 0.2482(5) 0.6759(3) 0.0091(7) 0.665(4) 
O15A 0.6202(9) 0.2467(9) 0.6933(7) 0.008(2) 0.335(4) 
O16 0.8623(6) 0.2207(5) 0.7035(4) 0.0127(9) 0.665(4) 
O16A 0.850(2) 0.199(2) 0.7056(8) 0.010(2) 0.335(4) 
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Table S12: Anisotropic displacement parameters Uij (Å2) of Cu3B7O13(NO3) (standard 

deviations in parentheses). 

Atom U11 U22 U33 U12 U13 U23 

Cu1 0.0049(2) 0.0048(2) 0.0033(2) –0.00225(8) –0.0005(2) 0.0005(2) 
Cu2 0.0051(2) 0.0049(2) 0.0024(2) 0.00240(7) –0.00029(9) –0.0003(2) 
Cu3 0.00287(8) 0.00284(8) 0.0085(2) 0.00015(7) 0.00033(8) 0.00014(8) 
B1 0.0028(8) 0.0028(9) 0.003(2) 0.0001(6) 0.0005(5) –0.0002(5) 
B2 0.0026(8) 0.0035(9) 0.004(2) –0.0001(6) 0.0004(6) –0.0007(6) 
B3 0.0052(8) 0.0035(8) 0.0043(8) –0.0006(7) 0.0021(6) 0.0000(7) 
B4 0.0030(8) 0.0031(8) 0.0036(7) –0.0006(6) 0.0002(6) 0.0001(6) 
B5 0.0035(6) 0.0034(6) 0.0020(8) 0.0004(7) 0.0004(8) –0.0004(6) 
B6 0.0032(8) 0.0036(8) 0.0025(7) –0.0007(6) 0.0004(6) –0.0002(6) 
B7 0.0026(7) 0.0031(8) 0.0039(7) –0.0011(7) –0.0004(6) 0.0001(6) 
O1 0.0057(6) 0.0021(5) 0.0032(5) –0.0004(5) 0.0014(4) 0.0001(4) 
O2 0.0013(5) 0.0047(6) 0.0021(5) –0.0010(4) 0.0002(4) –0.0007(4) 
O3 0.0022(5) 0.0034(6) 0.0020(5) –0.0008(4) 0.0011(4) –0.0008(4) 
O4 0.0019(5) 0.0028(5) 0.0044(5) 0.0000(4) –0.0005(4) 0.0012(5) 
O5 0.0022(5) 0.0031(5) 0.0031(5) 0.0006(4) 0.0002(5) 0.0003(4) 
O6 0.0025(5) 0.0029(5) 0.0034(7) –0.0003(5) –0.0004(5) 0.0002(5) 
O7 0.0034(5) 0.0037(5) 0.0020(5) 0.0014(4) –0.0008(4) –0.0018(4) 
O8 0.0042(5) 0.0028(6) 0.0038(6) –0.0007(4) –0.0014(5) 0.0004(4) 
O9 0.0019(5) 0.0044(6) 0.0020(5) –0.0015(4) 0.0001(4) 0.0001(4) 
O10 0.0040(5) 0.0026(5) 0.0024(5) –0.0011(4) 0.0006(4) 0.0003(4) 
O11 0.0042(6) 0.0026(6) 0.0037(5) 0.0006(4) 0.0018(5) 0.0005(5) 
O12 0.0022(5) 0.0023(5) 0.0049(5) –0.0003(4) –0.0011(5) 0.0009(5) 
O13 0.0015(5) 0.0026(5) 0.0038(5) 0.0002(4) 0.0004(4) 0.0010(5) 
N1 0.0058(6) 0.0069(8) 0.006(2) 0.0003(5) 0.0010(6) 0.0006(7) 

 



 
Table S13: Interatomic distances and mean values (Å) in Cu3B7O13NO3 (standard deviations 

in parentheses).
Cu1– O1 2.028(2) B1– O12 1.457(5) 
 O2 2.048(2)  O2 1.462(5) 
 O3 2.035(2)  O13 1.480(3) 
 O7 2.017(2)  O1 1.495(5) 
 O15 2.260(4) d  B1–O  1.47 
 O16A 2.298(9)    
 O15A 2.326(8) B2– O9 1.467(5) 
 O16 2.382(5)  O10 1.475(5) 
d  Cu1–O  2.17  O4 1.476(3) 
    O11 1.487(5) 
Cu2– O5 2.042(2) d  B2–O  1.48 
 O8 2.026(2)    
 O9 1.996(2) B3– O11 1.370(3) 
 O10 2.009(2)  O8 1.371(3) 
 O14 2.518(5)  O1 1.376(3) 
 O15 2.281(4) d  B3–O  1.37 
 O15A 2.374(8)    
 O14A 2.611(9) B4– O13 1.449(3) 
d  Cu2–O  2.23  O2 1.452(3) 
    O7 1.462(3) 
Cu3– O11 2.073(2)  O6 1.563(3) 
 O12 2.020(2) d  B4–O  1.48 
 O13 1.999(2)    
 O4 2.016(2) B5– O5 1.463(4) 
 O14A 2.265(8)  O3 1.464(4) 
 O16A 2.360(9)  O7 1.475(4) 
 O16 2.397(5)  O8 1.500(4) 
 O14 2.417(5) d  B5–O  1.48 
d  Cu3–O  2.19    
   B6– O5 1.446(3) 
    O9 1.461(3) 
N1– O14 1.249(5)  O4 1.463(3) 
 O15 1.252(4)  O6 1.563(3) 
 O16 1.239(5) d  B6–O  1.48 
d  N1–O  1.25    
   B7– O10 1.443(3) 
N1– O14A 1.227(9)  O12 1.452(3) 
 O15A 1.255(8)  O3 1.467(3) 
 O16A 1.245(9)  O6 1.557(3) 
d  N1–O  1.24 d  B7–O  1.48 
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Table S14: Selected interatomic angles and mean values (deg) in Cu3B7O13NO3 (standard 

deviations in parentheses). 

O2–Cu1–O16A 70.9(2) O9–Cu2–O8 88.96(6) O11–Cu3–O14A 69.5(2) 
O2–Cu1–O16 74.1(2) O10–Cu2–O8 88.42(7) O11–Cu3–O14 70.7(2) 
O3–Cu1–O15 76.3(2) O9–Cu2–O5 91.93(6) O4–Cu3–O14 76.3(2) 
O2–Cu1–O15A 77.1(2) O10–Cu2–O5 94.06(6) O12–Cu3–O16 76.8(2) 
O7–Cu1–O16 79.0(2) O9–Cu2–O15 83.3(2) O12–Cu3–O16A 77.2(2) 
O3–Cu1–O15A 80.6(2) O10–Cu2–O15 88.9(2) O4–Cu3–O14A 81.1(2) 
O2–Cu1–O15 80.9(2) O8–Cu2–O15 120.6(2) O4–Cu3–O16 83.1(2) 
O7–Cu1–O16A 82.8(2) O5–Cu2–O15 78.7(2) O13–Cu3–O16A 84.8(2) 
O7–Cu1–O1 86.39(6) O9–Cu2–O15A 78.4(2) O13–Cu3–O11 87.83(6) 
O1–Cu1–O3 87.97(6) O10–Cu2–O15A 93.9(2) O4–Cu3–O16A 88.0(2) 
O1–Cu1–O16 89.5(2) O8–Cu2–O15A 120.7(2) O13–Cu3–O16 89.8(2) 
O7–Cu1–O15A 91.7(2) O5–Cu2–O15A 78.4(2) O4–Cu3–O11 90.45(6) 
O1–Cu1–O16A 92.4(2) O14–Cu2–O9 117.5(2) O13–Cu3–O12 90.92(6) 
O7–Cu1–O2 94.08(6) O14–Cu2–O8 83.2(2) O12–Cu3–O14 92.2(2) 
O3–Cu1–O2 94.81(6) O14–Cu2–O10 82.7(2) O12–Cu3–O14A 92.8(2) 
O7–Cu1–O15 95.3(2) O14–Cu2–O5 79.2(1) O4–Cu3–O12 93.80(6) 
O3–Cu1–O16A 109.5(2) O14A–Cu2–O9 116.4(2) O13–Cu3–O14A 107.1(2) 
O3–Cu1–O16 113.1(2) O14A–Cu2–O8 78.0(2) O13–Cu3–O14 112.1(2) 
O1–Cu1–O15 115.9(2) O14A–Cu2–O10 73.3(2) O11–Cu3–O16A 121.6(2) 
O1–Cu1–O15A 119.7(2) O14A–Cu2–O5 84.3(2) O11–Cu3–O16 122.2(2) 
a  O–Cu1–O 90.6 a  O–Cu2–O 91.0 a  O–Cu3–O 90.4 
      
O1–Cu1–O2 163.15(6) O9–Cu2–O10 169.10(7) O13–Cu3–O4 170.29(7)
O7–Cu1–O3 166.65(6) O8–Cu2–O5 160.57(6) O12–Cu3–O11 160.93(7)
O16A–Cu1–O15A 147.1(3) O14–Cu2–O15 150.0(2) O16–Cu3–O14 155.9(2) 
O15A–Cu1–O16 149.0(2) O14–Cu2–O15A 152.9(3) O14A–Cu3–O16 160.4(2) 
O15–Cu1–O16A 151.5(3) O14A–Cu2–O15 154.4(3) O16A–Cu3–O14 160.5(2) 
O15–Cu1–O16 153.8(2) O14A–Cu2–O15A 157.7(3) O14A–Cu3–O16A 164.7(3) 
a  O–Cu1–O 155.2 a  O–Cu2–O 157.4 a  O–Cu3–O 162.1 
      
O14–N1–O15 115.2(3) a  O–B1–O 109.5 O11–B3–O8 121.9(2) 
O16–N1–O14 118.9(3) a  O–B2–O 109.5 O11–B3–O1 118.9(2) 
O16–N1–O15 125.2(4) a  O–B4–O 109.4 O8–B3–O1 118.5(2) 
a  O–N1–O 119.8 a  O–B5–O 109.5 a  O–B3–O 119.8 
  a  O–B6–O 109.5   
O16A–N1–O15A 109.2(6) a  O–B7–O 109.4   
O14A–N1–O16A 121.3(6)     
O14A–N1–O15A 129.3(6)     
a  O–N1–O 119.9     
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Table S15: Calculated charge distribution in Cu3B7O13NO3, with the bond-length/bond-

strength (ΣV) and the Chardi (ΣQ) concept. To perform the calculations, we used the structure 

model with unsplit and anisotropically refined oxygen atoms. 

 Cu1 Cu2 Cu3 B1 B2 B3 B4 B5 B6 B7 
ΣV 1.90 1.88 1.87 3.03 3.01 2.99 2.99 3.02 2.97 3.00 
ΣQ 1.96 1.95 1.96 2.86 2.84 3.04 3.09 2.89 3.05 3.07 

 N1 O1 O2 O3 O4 O5 O6 O7 O8 O9 
ΣV 5.03 –2.09 –1.95 –1.93 –1.94 –1.98 –1.79 –1.94 –2.10 –1.98 
ΣQ 5.28 –2.03 –2.02 –2.02 –2.04 –2.03 –1.95 –2.02 –2.02 –2.04 

 O10 O11 O12 O13 O14 O15 O16    
ΣV –1.99 –2.08 –1.99 –1.98 –1.95 –2.02 –2.00    
ΣQ –2.03 –2.03 –2.03 –2.02 –1.90 –1.92 –1.91    
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Table S16: Atomic coordinates, equivalent isotropic displacement parameters Ueq (Å
2) of 

Ni3B7O13(NO3), and occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized Uij tensor (standard deviations in parentheses). All atoms reside on Wyckoff 

positions 4a. 

Atom x y z Ueq Occupancy factors 

Ni1 0.99482(5) 0.98513(6) 0.65204(3) 0.0069(2) 1 
Ni2 0.99627(5) 0.51909(6) 0.64158(3) 0.0063(2) 1 
Ni3 0.25652(6) 0.75050(5) 0.88801(7) 0.00667(9) 1 
B1 0.9998(5) 0.996(2) 0.8968(6) 0.0044(7) 1 
B2 0.9956(5) 0.503(2) 0.8896(6) 0.0034(6) 1 
B3 0.9493(4) 0.7479(4) 0.9919(3) 0.0064(5) 1 
B4 0.7444(4) 0.9053(4) 0.8159(3) 0.0050(5) 1 
B5 0.7414(4) 0.7544(4) 0.6404(6) 0.0035(5) 1 
B6 0.7407(4) 0.5941(4) 0.8113(3) 0.0047(5) 1 
B7 0.5941(4) 0.7500(4) 0.9671(3) 0.0043(5) 1 
O1 0.9625(3) 0.9097(3) 1.0006(2) 0.0047(4) 1 
O2 0.9077(3) 0.9393(3) 0.8037(2) 0.0035(3) 1 
O3 0.8533(3) 0.8291(3) 0.5674(2) 0.0038(3) 1 
O4 0.8302(3) 0.4755(3) 0.8703(2) 0.0040(3) 1 
O5 0.8162(3) 0.6350(3) 0.7091(2) 0.0039(3) 1 
O6 0.7257(3) 0.7486(3) 0.8804(3) 0.0050(4) 1 
O7 0.6723(3) 0.8804(3) 0.7081(2) 0.0042(3) 1 
O8 0.6202(3) 0.6676(3) 0.5764(2) 0.0045(3) 1 
O9 0.5839(3) 0.5418(3) 0.7911(2) 0.0036(3) 1 
O10 0.5478(3) 0.5884(3) 0.9859(2) 0.0037(3) 1 
O11 0.5276(3) 0.3286(3) 0.9097(2) 0.0046(4) 1 
O12 0.4671(3) 0.8381(3) 0.9189(2) 0.0041(3) 1 
O13 0.1645(3) 0.9708(3) 0.8749(2) 0.0038(3) 1 
N1 0.7454(4) 0.2611(4) 0.6491(5) 0.0084(6) 1 
O14 0.7869(7) 0.3167(7) 0.5600(5) 0.0115(9) 0.552(4) 
O14A 0.7941(9) 0.358(2) 0.5769(7) 0.015(2) 0.448(4) 
O15 0.606(2) 0.255(2) 0.6770(8) 0.018(2) 0.552(4) 
O15A 0.6038(9) 0.247(2) 0.6633(7) 0.003(2) 0.448(4) 
O16 0.8409(8) 0.1973(8) 0.7111(6) 0.010(2) 0.552(4) 
O16A 0.839(2) 0.226(2) 0.7235(7) 0.011(2) 0.448(4) 
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Table S17: Anisotropic displacement parameters Uij (Å
2) of Ni3B7O13(NO3) (standard 

deviations in parentheses). 

Atom U11 U22 U33 U12 U13 U23 

Ni1 0.0063(2) 0.0093(2) 0.0051(3) –0.0036(2) –0.0007(2) 0.0010(2) 
Ni2 0.0068(2) 0.0085(2) 0.0035(2) 0.0034(2) 0.0005(2) –0.0005(2) 
Ni3 0.0040(2) 0.0039(2) 0.0121(2) 0.0003(2) –0.0011(2) –0.0008(2) 
B1 0.003(2) 0.004(2) 0.007(2) –0.0003(9) 0.0010(9) –0.001(2) 
B2 0.003(2) 0.004(2) 0.004(2) –0.0001(9) 0.0002(9) –0.001(2) 
B3 0.008(2) 0.006(2) 0.005(2) 0.000(2) 0.002(2) –0.001(2) 
B4 0.004(2) 0.005(2) 0.005(2) 0.0000(9) –0.0001(9) –0.001(2) 
B5 0.004(2) 0.004(2) 0.002(2) 0.000(2) –0.001(2) 0.0005(9) 
B6 0.004(2) 0.005(2) 0.005(2) 0.0000(9) 0.0001(9) 0.000(2) 
B7 0.003(2) 0.006(2) 0.004(2) 0.000(2) 0.0002(9) 0.0011(9) 
O1 0.0065(9) 0.0026(8) 0.0050(8) –0.0016(7) 0.0014(7) –0.0004(7) 
O2 0.0016(8) 0.0047(8) 0.0042(8) –0.0005(6) 0.0000(7) –0.0013(7) 
O3 0.0048(8) 0.0041(8) 0.0026(8) –0.0013(7) 0.0020(7) –0.0011(7) 
O4 0.0025(8) 0.0036(8) 0.0059(9) –0.0007(7) 0.0000(7) 0.0008(7) 
O5 0.0036(8) 0.0040(8) 0.0042(8) 0.0007(7) 0.0011(7) 0.0004(7) 
O6 0.0065(9) 0.0027(7) 0.006(2) –0.0005(7) –0.0021(8) 0.0007(7) 
O7 0.0037(8) 0.0042(8) 0.0046(8) 0.0009(7) –0.0010(7) –0.0018(7) 
O8 0.0047(8) 0.0047(9) 0.0040(8) –0.0015(7) –0.0017(7) 0.0003(7) 
O9 0.0034(8) 0.0037(8) 0.0038(8) –0.0015(6) 0.0002(6) 0.0002(6) 
O10 0.0045(8) 0.0028(8) 0.0040(8) –0.0010(7) –0.0008(7) 0.0001(6) 
O11 0.0051(8) 0.0037(8) 0.0051(8) 0.0003(7) 0.0016(7) 0.0008(7) 
O12 0.0028(8) 0.0039(8) 0.0055(8) –0.0001(7) –0.0013(7) 0.0008(7) 
O13 0.0021(8) 0.0036(8) 0.0057(8) 0.0003(6) 0.0007(7) 0.0009(7) 
N1 0.0062(9) 0.009(2) 0.010(2) 0.0006(9) 0.001(2) 0.002(2) 

 



 

Table S18: Interatomic distances and mean values (Å) in Ni3B7O13NO3 (standard deviations 

in parentheses). 

Ni1– O2 2.030(2) B1– O12 1.459(9) 
 O7 2.036(2)  O2 1.466(7) 
 O1 2.076(3)  O13 1.474(5) 
 O3 2.078(2)  O1 1.490(8) 
 O15A 2.183(9) d  B1–O  1.47 
 O16 2.351(7)    
 O15 2.27(2) B2– O9 1.471(7) 
 O16A 2.595(9)  O11 1.473(8) 
d  Ni1–O  2.20  O10 1.473(8) 
    O4 1.478(5) 
Ni2– O10 2.016(2) d  B2–O  1.47 
 O5 2.024(2)    
 O9 2.036(2) B3– O8 1.371(4) 
 O8 2.070(2)  O11 1.371(4) 
 O15 2.18(2)  O1 1.377(4) 
 O14A 2.363(8) d  B3–O  1.37 
 O15A 2.206(8)    
 O14 2.690(6) B4– O13 1.448(4) 
d  Ni2–O  2.20  O2 1.459(4) 
    O7 1.467(4) 
Ni3– O12 2.014(2)  O6 1.548(4) 
 O4 2.027(2) d  B4–O  1.48 
 O13 2.034(2)    
 O11 2.120(2) B5– O3 1.462(6) 
 O16A 2.133(9)  O5 1.462(6) 
 O14 2.197(7)  O7 1.474(6) 
 O16 2.314(7)  O8 1.503(5) 
 O14A 2.509(9) d  B5–O  1.48 
d  Ni3–O  2.17    
   B6– O5 1.447(4) 
    O9 1.457(4) 
N1– O14 1.234(8)  O4 1.458(4) 
 O15 1.26(2)  O6 1.558(4) 
 O16 1.245(8) d  B6–O  1.48 
d  N1–O  1.25    
   B7– O10 1.442(4) 
N1– O14A 1.272(9)  O12 1.457(4) 
 O15A 1.251(8)  O3 1.463(4) 
 O16A 1.26(2)  O6 1.557(5) 
d  N1–O  1.26 d  B7–O  1.48 
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Table S19: Selected interatomic angles and mean values (deg) in Ni3B7O13NO3 (standard 

deviations in parentheses). 

O2–Ni1–O16 69.8(2) O10–Ni2–O14A 73.4(2) O11–Ni3–O14 68.8(2) 
O3–Ni1–O15A 73.7(2) O8–Ni2–O14A 79.7(2) O12–Ni3–O16 79.2(2) 
O3–Ni1–O15 75.6(3) O5–Ni2–O15 80.5(3) O12–Ni3–O16A 80.3(2) 
O2–Ni1–O15 82.4(3) O5–Ni2–O14A 80.6(2) O13–Ni3–O16 83.0(2) 
O7–Ni1–O16 84.6(2) O5–Ni2–O15A 81.2(2) O4–Ni3–O16A 83.2(2) 
O7–Ni1–O1 85.5(2) O9–Ni2–O15 83.2(3) O4–Ni3–O14 85.0(2) 
O2–Ni1–O15A 86.3(2) O10–Ni2–O15A 86.1(2) O13–Ni3–O11 85.8(2) 
O1–Ni1–O3 86.6(2) O9–Ni2–O8 87.29(9) O13–Ni3–O16A 88.5(2) 
O1–Ni1–O16 92.6(2) O9–Ni2–O15A 87.8(2) O4–Ni3–O16 88.9(2) 
O2–Ni1–O7 95.0(2) O10–Ni2–O8 87.9(2) O4–Ni3–O11 90.8(2) 
O2–Ni1–O3 96.08(9) O10–Ni2–O15 90.8(3) O12–Ni3–O13 92.1(2) 
O7–Ni1–O15 97.6(3) O5–Ni2–O9 93.0(2) O12–Ni3–O14 94.3(2) 
O7–Ni1–O15A 98.6(2) O10–Ni2–O5 95.3(2) O12–Ni3–O4 94.5(2) 
O3–Ni1–O16 107.3(2) O9–Ni2–O14A 115.5(2) O13–Ni3–O14 104.1(2)
O1–Ni1–O15A 111.2(2) O8–Ni2–O15A 120.5(2) O11–Ni3–O16A 117.6(3)
O1–Ni1–O15 115.2(3) O8–Ni2–O15 121.0(3) O11–Ni3–O16 118.3(2)
O16A–Ni1–O1 93.1(2) O14–Ni2–O5 86.1(2) O14A–Ni3–O4 79.0(2) 
O16A–Ni1–O7 81.2(2) O14–Ni2–O9 115.0(2) O14A–Ni3–O12 97.1(2) 
O16A–Ni1–O2 69.5(2) O14–Ni2–O8 74.2(2) O14A–Ni3–O13 109.6(2)
O16A–Ni1–O3 110.7(2) O14–Ni2–O10 73.2(2) O14A–Ni3–O11 66.8(2) 
a  O–Ni1–O 90.6 a  O–Ni2–O 90.6 a  O–Ni3–O 90.3 
      
O2–Ni1–O1 162.3(2) O5–Ni2–O8 158.3(1) O4–Ni3–O13 168.4(2)
O7–Ni1–O3 166.0(2) O10–Ni2–O9 168.9(1) O12–Ni3–O11 161.8(2)
O15–Ni1–O16 152.2(3) O15A–Ni2–O14A 151.0(3) O14–Ni3–O16 170.7(2)
O15A–Ni1–O16 156.1(3) O15–Ni2–O14A 154.0(3) O16A–Ni3–O14 166.6(3)
O16A–Ni1–O15 151.6(3) O14–Ni2–O15 158.1(3) O14A–Ni3–O16 167.1(3)
O16A–Ni1–O15A 155.6(3) O14–Ni2–O15A 154.5(3) O14A–Ni3–O16A 161.8(3)
a  O–Ni1–O 157.3 a  O–Ni2–O 157.5 a  O–Ni3–O 166.1 
      
O14–N1–O16 119.9(5) a  O–B1–O 109.5 O8–B3–O11 122.1(3)
O16–N1–O15 117.7(7) a  O–B2–O 109.5 O8–B3–O1 118.1(3)
O14–N1–O15 122.1(7) a  O–B4–O 109.5 O11–B3–O1 118.8(3)
a  O–N1–O 119.9 a  O–B5–O 109.5 a  O–B3–O 119.7 
  a O–B6–O 109.5   
O16A–N1–O14A 115.6(6) a  O–B7–O 109.4   
O15A–N1–O14A 119.1(6)     
O15A–N1–O16A 121.4(8)     
a  O–N1–O 118.7     
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Table S20: Calculated charge distribution in Ni3B7O13NO3, with the bond-length/bond-

strength (ΣV) and the Chardi (ΣQ) concept. To perform the calculations, we used the structure 

model with unsplit and anisotropically refined oxygen atoms. 

 Ni1 Ni2 Ni3 B1 B2 B3 B4 B5 B6 B7 
ΣV 1.69 1.75 1.76 3.04 3.03 2.99 2.99 3.02 3.00 3.00 
ΣQ 2.00 1.98 1.92 2.90 2.91 3.09 3.10 2.91 3.09 3.08 

 N1 O1 O2 O3 O4 O5 O6 O7 O8 O9 
ΣV 5.01 –2.03 –1.92 –1.88 –1.91 –1.96 –1.83 –1.88 –2.03 –1.91 
ΣQ 5.03 –1.99 –2.00 –2.01 –2.02 –2.01 –1.94 –2.00 –1.99 –2.01 

 O10 O11 O12 O13 O14 O15 O16    
ΣV –1.96 –2.04 –1.96 –1.93 –1.96 –2.08 –2.01    
ΣQ –2.01 –2.00 –2.03 –2.02 –1.99 –1.99 –2.00    
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Table S21: Atomic coordinates, equivalent isotropic displacement parameters Ueq (Å
2) of 

Zn3B7O13(NO3), and occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized Uij tensor (standard deviations in parentheses). All atoms reside on Wyckoff 

positions 4a. 

Atom x y z Ueq Occupancy factors 

Zn1 0.99375(2) 0.98295(3) 0.65337(2) 0.00445(5) 1 
Zn2 0.99495(2) 0.52034(3) 0.64129(2) 0.00426(5) 1 
Zn3 0.25683(3) 0.75059(2) 0.88464(3) 0.00479(5) 1 
B1 0.9989(2) 0.9949(6) 0.8968(3) 0.0034(4) 1 
B2 0.9937(2) 0.5025(5) 0.8880(3) 0.0031(3) 1 
B3 0.9517(2) 0.7474(2) 0.9928(2) 0.0040(3) 1 
B4 0.7429(2) 0.9047(2) 0.8149(2) 0.0034(2) 1 
B5 0.7407(2) 0.7552(2) 0.6386(3) 0.0031(3) 1 
B6 0.7385(2) 0.5961(2) 0.8102(2) 0.0034(2) 1 
B7 0.5922(2) 0.7502(2) 0.9658(2) 0.0030(3) 1 
O1 0.9663(2) 0.9080(2) 1.0005(2) 0.0036(2) 1 
O2 0.9060(2) 0.9387(2) 0.80506(9) 0.0031(2) 1 
O3 0.8539(2) 0.8263(2) 0.56610(9) 0.0029(2) 1 
O4 0.8286(2) 0.4769(2) 0.8679(2) 0.0033(2) 1 
O5 0.8135(2) 0.6359(2) 0.70840(9) 0.0031(2) 1 
O6 0.7229(2) 0.7490(2) 0.8799(2) 0.0028(2) 1 
O7 0.6750(2) 0.8825(2) 0.70601(9) 0.0031(2) 1 
O8 0.6190(2) 0.6691(2) 0.57654(9) 0.0037(2) 1 
O9 0.5825(2) 0.5401(2) 0.79071(9) 0.0032(2) 1 
O10 0.5438(2) 0.5899(2) 0.98399(9) 0.0029(2) 1 
O11 0.5268(2) 0.3297(2) 0.9102(2) 0.0035(2) 1 
O12 0.4655(2) 0.8403(2) 0.9202(2) 0.0033(2) 1 
O13 0.1627(2) 0.9711(2) 0.8727(2) 0.0030(2) 1 
N1 0.7482(2) 0.2658(2) 0.6496(2) 0.0053(3) 1 
O14 0.7825(3) 0.3326(4) 0.5638(3) 0.0070(6) 0.528(4) 
O14A 0.7842(4) 0.3592(4) 0.5745(3) 0.0084(7) 0.472(4) 
O15 0.6076(5) 0.2482(4) 0.6683(3) 0.0050(9) 0.528(4) 
O15A 0.6113(5) 0.2505(5) 0.6823(4) 0.005(2) 0.472(4) 
O16 0.8480(5) 0.2013(5) 0.7074(4) 0.0079(9) 0.528(4) 
O16A 0.8495(5) 0.2197(5) 0.7144(4) 0.0058(9) 0.472(4) 
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Table S22: Anisotropic displacement parameters Uij (Å
2) of Zn3B7O13(NO3) (standard 

deviations in parentheses). 

Atom U11 U22 U33 U12 U13 U23 

Zn1 0.00473(7) 0.00517(9) 0.0034(2) –0.00170(5) 0.00001(6) 0.00006(7) 
Zn2 0.00489(7) 0.00494(9) 0.0030(2) 0.00178(5) 0.00009(6) 0.00009(7) 
Zn3 0.00336(7) 0.00316(8) 0.0079(2) 0.00009(5) –0.00004(7) –0.00048(5) 
B1 0.0027(6) 0.0032(7) 0.004(2) –0.0006(4) 0.0003(4) 0.0000(5) 
B2 0.0026(6) 0.0031(6) 0.0035(9) 0.0000(5) 0.0000(4) –0.0003(7) 
B3 0.0038(6) 0.0041(7) 0.0040(6) 0.0001(4) 0.0007(5) 0.0003(4) 
B4 0.0038(5) 0.0034(6) 0.0031(6) –0.0008(4) –0.0003(4) –0.0002(5) 
B5 0.0038(6) 0.0033(6) 0.0024(8) –0.0003(4) –0.0010(6) –0.0007(4) 
B6 0.0032(5) 0.0039(6) 0.0029(6) 0.0005(4) 0.0001(4) 0.0001(5) 
B7 0.0035(6) 0.0025(7) 0.0031(6) –0.0004(4) 0.0000(5) 0.0001(4) 
O1 0.0052(4) 0.0021(4) 0.0033(4) –0.0007(3) 0.0009(3) 0.0001(3) 
O2 0.0020(4) 0.0040(4) 0.0033(4) –0.0002(3) 0.0000(3) –0.0008(3) 
O3 0.0036(4) 0.0029(4) 0.0022(4) –0.0005(3) 0.0004(3) –0.0003(3) 
O4 0.0022(4) 0.0034(4) 0.0044(4) 0.0004(3) –0.0005(3) 0.0008(3) 
O5 0.0031(3) 0.0033(4) 0.0030(4) 0.0007(3) 0.0008(3) 0.0010(3) 
O6 0.0030(4) 0.0019(4) 0.0035(5) –0.0001(3) 0.0002(5) 0.0002(3) 
O7 0.0035(4) 0.0035(4) 0.0023(4) 0.0007(3) –0.0007(3) –0.0006(3) 
O8 0.0041(4) 0.0032(4) 0.0037(4) –0.0006(3) –0.0014(3) 0.0008(3) 
O9 0.0032(4) 0.0038(4) 0.0025(4) –0.0012(3) 0.0000(3) 0.0001(3) 
O10 0.0040(4) 0.0020(4) 0.0025(4) –0.0007(3) 0.0000(3) –0.0001(3) 
O11 0.0040(4) 0.0027(4) 0.0037(4) 0.0001(3) 0.0009(3) 0.0005(4) 
O12 0.0029(4) 0.0025(4) 0.0046(4) 0.0000(3) –0.0004(3) 0.0004(4) 
O13 0.0019(3) 0.0026(4) 0.0044(4) 0.0000(3) 0.0003(3) 0.0013(4) 
N1 0.0051(5) 0.0053(5) 0.0055(8) 0.0000(4) 0.0000(4) –0.0001(5) 

 



 

Table S23: Interatomic distances and mean values (Å) in Zn3B7O13NO3 (standard deviations 

in parentheses).
Zn1– O1 2.115(2) B1– O12 1.460(5) 
 O2 2.041(2)  O2 1.465(4) 
 O3 2.100(2)  O13 1.476(2) 
 O7 2.058(2)  O1 1.493(4) 
 O15 2.211(4) d  B1–O  1.47 
 O16 2.347(4)    
 O15A 2.263(4) B2– O9 1.465(4) 
 O16A 2.489(5)  O10 1.479(4) 
d  Zn1–O  2.20  O4 1.480(2) 
    O11 1.481(5) 
Zn2– O5 2.039(2) d  B2–O  1.48 
 O8 2.097(2)    
 O9 2.045(2) B3– O8 1.368(2) 
 O10 2.039(2)  O11 1.371(2) 
 O15 2.226(4)  O1 1.375(2) 
 O14A 2.437(4) d  B3–O  1.37 
 O15A 2.255(4)    
 O14 2.6263(3) B4– O13 1.451(2) 
d  Zn2–O  2.22  O2 1.461(2) 
    O7 1.469(2) 
Zn3– O11 2.148(2)  O6 1.553(2) 
 O12 2.025(2) d  B4–O  1.48 
 O13 2.053(2)    
 O4 2.044(2) B5– O3 1.459(3) 
 O16A 2.247(5)  O5 1.470(3) 
 O14 2.326(3)  O7 1.477(3) 
 O16 2.344(4)  O8 1.498(3) 
 O14A 2.5259(4) d  B5–O  1.48 
d  Zn3–O  2.21    
   B6– O5 1.446(2) 
    O4 1.464(2) 
N1– O14 1.230(4)  O9 1.465(2) 
 O15 1.259(4)  O6 1.560(2) 
 O16 1.250(5) d  B6–O  1.48 
d  N1–O  1.25    
   B7– O10 1.445(2) 
N1– O14A 1.253(4)  O12 1.458(2) 
 O15A 1.269(5)  O3 1.463(2) 
 O16A 1.251(5)  O6 1.552(3) 
d  N1–O  1.26 d  B7–O  1.48 
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Table S24: Selected interatomic angles and mean values (deg) in Zn3B7O13NO3 (standard 

deviations in parentheses). 

O2–Zn1–O16 71.7(2) O10–Zn2–O14A 73.84(9) O11–Zn3–O14 68.16(8) 
O2–Zn1–O16A 71.7(2) O5–Zn2–O14A 79.43(9) O12–Zn3–O16 80.0(2) 
O3–Zn1–O15 75.0(2) O8–Zn2–O14A 80.41(9) O12–Zn3–O16A 80.3(2) 
O3–Zn1–O15A 77.8(2) O5–Zn2–O15A 81.1(2) O4–Zn3–O14 81.48(9) 
O7–Zn1–O16A 81.2(2) O9–Zn2–O15A 81.4(2) O4–Zn3–O16A 84.4(2) 
O2–Zn1–O15A 82.4(2) O5–Zn2–O15 81.9(2) O13–Zn3–O16 84.9(2) 
O7–Zn1–O16 83.7(2) O9–Zn2–O15 85.6(2) O13–Zn3–O11 85.68(4) 
O7–Zn1–O1 84.56(4) O9–Zn2–O8 87.13(4) O4–Zn3–O16 88.2(2) 
O3–Zn1–O1 85.75(5) O10–Zn2–O8 87.32(5) O13–Zn3–O16A 88.7(2) 
O2–Zn1–O15 86.0(2) O10–Zn2–O15 87.6(2) O4–Zn3–O11 90.09(4) 
O1–Zn1–O16 89.5(2) O10–Zn2–O15A 92.0(2) O12–Zn3–O13 91.88(4) 
O1–Zn1–O16A 89.6(2) O5–Zn2–O9 93.08(5) O12–Zn3–O14 92.63(9) 
O7–Zn1–O15A 95.1(2) O10–Zn2–O5 96.30(4) O12–Zn3–O4 95.80(4) 
O2–Zn1–O7 96.22(5) O9–Zn2–O14A 116.16(9) O13–Zn3–O14 106.56(9)
O7–Zn1–O15 97.0(2) O8–Zn2–O15 120.4(2) O11–Zn3–O16A 120.5(2) 
O2–Zn1–O3 97.18(4) O8–Zn2–O15A 120.9(2) O11–Zn3–O16 120.6(2) 
O3–Zn1–O16 109.1(2) O14–Zn2–O9 115.73(8) O14A–Zn3–O12 94.02(9) 
O3–Zn1–O16A 111.7(2) O14–Zn2–O8 76.31(8) O14A–Zn3–O13 110.21(9)
O1–Zn1–O15 112.9(2) O14–Zn2–O10 73.67(9) O14A–Zn3–O11 67.43(9) 
O1–Zn1–O15A 116.6(2) O14–Zn2–O5 83.51(7) O14A–Zn3–O4 77.64(9) 
a  O–Zn1–O 90.7 a  O–Zn2–O 90.7 a  O–Zn3–O 90.5 
      
O2–Zn1–O1 160.92(4) O5–Zn2–O8 157.62(4) O4–Zn3–O13 168.65(5)
O7–Zn1–O3 163.79(5) O10–Zn2–O9 167.51(4) O12–Zn3–O11 158.89(5)
O15A–Zn1–O16A 153.2(2) O15–Zn2–O14A 151.8(2) O16A–Zn3–O14 163.5(2) 
O15A–Zn1–O16 153.7(2) O15A–Zn2–O14A 154.4(2) O14–Zn3–O16 166.7(2) 
O15–Zn1–O16A 157.3(2) O14–Zn2–O15A 157.6(2) O14A–Zn3–O16 164.0(2) 
O15–Zn1–O16 157.6(2) O14–Zn2–O15 154.7(2) O14A–Zn3–O16A 160.6(2) 
a  O–Zn1–O 157.8 a  O–Zn2–O 157.3 a  O–Zn3–O 163.7 
      
O14–N1–O15 116.7(3) a  O–B1–O 109.5 O8–B3–O11 122.3(2) 
O14–N1–O16 120.9(3) a  O–B2–O 109.5 O8–B3–O1 118.3(2) 
O16–N1–O15 121.8(3) a  O–B4–O 109.5 O11–B3–O1 118.7(2) 
a  O–N1–O 119.8 a  O–B5–O 109.5 a  O–B3–O 119.8 
  a  O–B6–O 109.5   
O16A–N1–O15A 115.9(4) a  O–B7–O 109.5   
O16A–N1–O14A 118.9(3)     
O14A–N1–O15A 122.2(3)     
a  O–N1–O 119.0     
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Table S25: Calculated charge distribution in Zn3B7O13NO3, with the bond-length/bond-

strength (ΣV) and the Chardi (ΣQ) concept. To perform the calculations, we used the structure 

model with unsplit and anisotropically refined oxygen atoms. 

 Zn1 Zn2 Zn3 B1 B2 B3 B4 B5 B6 B7 
ΣV 1.84 1.89 1.86 3.04 3.01 3.00 2.97 3.01 2.97 3.00 
ΣQ 2.00 1.97 1.93 2.89 2.90 3.12 3.08 2.90 3.05 3.08 

 N1 O1 O2 O3 O4 O5 O6 O7 O8 O9 
ΣV 4.94 –2.04 –1.96 –1.91 –1.21 –1.99 –1.82 –1.90 –2.06 –1.95 
ΣQ 5.07 –1.98 –2.01 –2.01 –2.03 –2.02 –1.95 –2.01 –1.98 –2.02 

 O10 O11 O12 O13 O14 O15 O16    
ΣV –1.97 –2.04 –2.00 –1.95 –1.95 –2.07 –2.00    
ΣQ –2.01 –1.99 –2.03 –2.02 –1.98 –1.98 –1.98    

 


