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Tab. S1: Nb–O bond lengths (Å) in the title compound. 

Nb–Ot Nb–μ2-O 
Nb(1)–O(1) 1.755(6) Nb(1)–O(4)  2.034(6) Nb(2)–O(7)  1.960(6) 
Nb(2)–O(2) 1.775(7) Nb(1)–O(5)  2.039(6) Nb(2)–O(9)  1.982(6) 
Nb(3)–O(3) 1.779(7) Nb(1)–O(7)  1.967(7) Nb(3)–O(5)  2.034(6) 
Nb–μ6-O Nb(1)–O(8)  1.968(6) Nb(3)–O(6) 2.029(7) 
Nb(1)–O(10)  2.3835(7) Nb(2)–O(4)  2.013(6) Nb(3)–O(8) 1.953(6) 
Nb(2)–O(10)  2.3686(8) Nb(2)–O(6)  2.015(6) Nb(3)–O(9)  1.972(6) 
Nb(3)–O(10)  2.3824(8)     
 

 

 

Tab. S2: Results of bond valence analysis for the title compound.  

Compound II 
Niob atoms 
Nb1 5.09 Nb3 5.01 
Nb2 5.08   
Average: 5.06 
Mercury atoms 
Hg1 2.06 Hg3 2.13 
Hg2 2.19   
Average: 2.13 
Terminal oxygen atoms 
O1 1.73 O3 1.60 
O2 1.61   
Average: 1.65 
μ2-bridging oxygen atoms
O7 1.76 O9 1.69 
O8 1.78   
Average: 1.74 
μ3-bridging oxygen atoms
O4 1.90 O6 1.89 
O5 1.85   
Average: 1.88 
μ6-bridging oxygen atom 
O19 1.39   
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Tab. S3: Selected bond lengths (Å) and angles (deg) of the [Hg(cyclam)]2+ cations in the title 
compound. 

Hg(1)–X X–Hg(1)–X 
Hg(1)–N(1)  2.320(8) N(1)–Hg(1)–N(2) 77.7(3) N(2)–Hg(1)–N(4) 128.3(3) 
Hg(1)–N(2)  2.380(9) N(1)–Hg(1)–N(3) 154.5(3) N(2)–Hg(1)–O(4) 123.3(3) 
Hg(1)–N(3)  2.363(8) N(1)–Hg(1)–N(4) 92.1(3) N(3)–Hg(1)–N(4) 77.2(3) 
Hg(1)–N(4)  2.364(8) N(1)–Hg(1)–O(4) 102.8(3) N(3)–Hg(1)–O(4) 102.5(3) 
Hg(1)–O(4) 2.241(6) N(2)–Hg(1)–N(3) 90.8(3) N(4)–Hg(1)–O(4) 108.3(3) 
Hg(2)–X X–Hg(2)–X 
Hg(2)–N(11)  2.295(9) N(11)–Hg(2)–N(12) 77.2(3) N(12)–Hg(2)–N(14) 149.6(3) 
Hg(2)–N(12)  2.391(9) N(11)–Hg(2)–N(13) 141.3(3) N(12)–Hg(2)–O(5) 102.0(3) 
Hg(2)–N(13)  2.315(8) N(11)–Hg(2)–N(14) 95.3(3) N(13)–Hg(2)–N(14) 77.8(3) 
Hg(2)–N(14)  2.324(9) N(11)–Hg(2)–O(5) 111.6(3) N(13)–Hg(2)–O(5) 106.7(3) 
Hg(2)–O(5)  2.235(6) N(12)–Hg(2)–N(13) 89.8(3) N(14)–Hg(2)–O(5) 108.1(3) 
Hg(3)–X X–Hg(3)–X 
Hg(3)–N(21)  2.294(8) N(21)–Hg(3)–N(22) 78.1(3) N(22)–Hg(3)–N(24) 126.8(3) 
Hg(3)–N(22)  2.366(9) N(21)–Hg(3)–N(23) 155.5(3) N(22)–Hg(3)–O(6) 131.4(3) 
Hg(3)–N(23)  2.350(8) N(21)–Hg(3)–N(24) 92.6(3) N(23)–Hg(3)–N(24) 78.4(3) 
Hg(3)–N(24)  2.339(10) N(21)–Hg(3)–O(6) 105.6(3) N(23)–Hg(3)–O(6) 98.6(3) 
Hg(3)–O(6)  2.259(6) N(22)–Hg(3)–N(23) 89.1(3) N(24)–Hg(3)–O(6) 101.7(3) 
 



S4 

 

Tab. S4: Hydrogen bonds (Å and deg) with H···A < r(A) + 2.000 Å and <(D–H···A) > 110°. 

D–H∙∙∙A d(D–H) d(H∙∙∙A) d(D∙∙∙A) <(D–H∙∙∙A) 
O(41)–H(41A)∙∙∙O(33)#5 0.84 2.04 2.861(13) 166.5 
O(42)–H(42A)∙∙∙O(47) 0.86 1.93 2.791(15) 177.4 
O(44)–H(44A)∙∙∙O(2)#6 0.84 1.92 2.735(12) 163.6 
O(44)–H(44B)∙∙∙O(45) 0.84 1.95 2.773(16) 167.8 
O(46)–H(46A)∙∙∙O(42) 0.84 1.98 2.795(13) 163.3 
O(46)–H(46B)∙∙∙O(4)#1 0.84 2.59 3.036(10) 114.7 
O(46)–H(46B)∙∙∙O(5)#1 0.84 2.16 2.993(11) 173.0 
O(47)–H(47A)∙∙∙O(32)#6 0.84 2.04 2.876(15) 173.0 
N(23)–H(23)∙∙∙O(42) 1.00 2.65 3.346(14) 126.5 
N(22)–H(22)∙∙∙O(45)#6 1.00 2.28 3.123(14) 141.4 
N(3)–H(3)∙∙∙O(46)#1 1.00 2.34 3.246(15) 150.9 
N(12)–H(12)∙∙∙O(46)#1 1.00 2.11 2.992(14) 145.8 
N(2)–H(2)∙∙∙O(47)#1 1.00 2.53 3.306(14) 134.0 
N(4)–H(4)∙∙∙O(1) 1.00 2.29 3.083(12) 135.4 
N(11)–H(11)∙∙∙O(3) 1.00 2.15 2.980(10) 139.7 
N(13)–H(13)∙∙∙O(1) 1.00 2.05 2.942(12) 147.5 
N(14)–H(14)∙∙∙O(9) 1.00 2.55 3.247(10) 126.8 
N(1)–H(1)∙∙∙O(9)#1 1.00 1.97 2.843(11) 144.3 
N(21)–H(21)∙∙∙O(7) 1.00 2.14 2.951(11) 137.1 
N(24)–H(24)∙∙∙O(3)#1 1.00 2.06 2.960(10) 149.3 
C(3)–H(3A)∙∙∙O(31)#2 0.99 2.65 3.617(16) 164.3 
C(4)–H(4B)∙∙∙O(47)#1 0.99 2.64 3.223(14) 118.1 
C(5)–H(5B)∙∙∙O(36)#3 0.99 2.64 3.492(19) 144.5 
C(6)–H(6B)∙∙∙O(1) 0.99 2.40 3.229(14) 141.0 
C(8)–H(8A)∙∙∙O(33)#4 0.99 2.65 3.588(16) 158.0 
C(9)–H(9A)∙∙∙O(8) 0.99 2.47 3.424(16) 160.6 
C(11)–H(11B)∙∙∙O(32)#5 0.99 2.50 3.372(16) 147.1 
C(13)–H(13A)∙∙∙O(33) 0.99 2.56 3.532(17) 168.9 
C(15)–H(15A)∙∙∙O(31) 0.99 2.58 3.528(15) 159.6 
C(16)–H(16B)∙∙∙O(7) 0.99 2.61 3.424(16) 139.6 
C(17)–H(17A)∙∙∙O(31) 0.99 2.62 3.477(16) 144.9 
C(20)–H(20B)∙∙∙O(31) 0.99 2.61 3.458(14) 144.1 
C(23)–H(23B)∙∙∙O(34)#7 0.99 2.61 3.59(2) 167.2 
C(24)–H(24B)∙∙∙O(42) 0.99 2.62 3.508(17) 149.5 
C(26)–H(26A)∙∙∙O(3)#1 0.99 2.58 3.374(13) 137.4 
C(26)–H(26B)∙∙∙O(32)#8 0.99 2.59 3.129(16) 114.3 
C(28)–H(28B)∙∙∙O(34)#7 0.99 2.51 3.452(17) 158.9 
C(29)–H(29B)∙∙∙O(8) 0.99 2.46 3.426(13) 165.7 

 



 
Tab. S5: Selected O···O distances of the water molecules. 

Atom(1)∙∙∙Atom(2) Distance (Å)
O(41)∙∙∙O(43) 2.86(2) 
O(43)∙∙∙O(45) 2.74(2) 
O(45)∙∙∙O(47) 2.68(2) 

 

 

Tab. S6: Selected crystal data and details of data collection and structure refinement of the 
title compound. 

 Compound  
Sum formula C60H172Hg6N28Nb6O45
Crystal system Triclinic 
Space group P 1  
a, Å 14.7915(4) 
b, Å 15.1198(6) 
c, Å 15.2701(5) 
α, deg 109.231(3) 
β, deg 108.284(2) 
γ, deg 108.960(3) 
V, Å3 2689.83(17) 
Z 1 
Formula weight, g·mol–1 3767.25 
ρcalcd., g·m–3 2.33 
λ, Å 0.71073 
2θ range, deg 1.601–27.005 
Crystal dimension, mm3 0.08  0.10  0.12 
Crystal color colorless 
Temperature, K 200(2) 
Index range –18 ≤ h ≤ 18 

–19 ≤ k ≤ 18 
–19 ≤ l ≤ 19 

Reflections collected 27479 
Independent reflections 11687 
Rint 0.0705 
μ, mm–1 9.3 
Number of parameters 656 
R1 [F0 > 4 σ(F0)] 0.0668 
R1 all data 0.0723 
wR2 all data 0.1760 
GOF 1.053 
ΔF, e·Å–3 2.28 / –3.40 
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