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1. X-ray Crystallography. Single-crystal X-ray data sets of complexes 1-4 were collected 

on a Oxford Diffraction Gemini R Ultra detector diffractometer using the graphite 

monochromated Mo Kα radiation (λ = 0.71073 Å) at 298(2) K but 185(2) K for 1 and 3. 

Intense data were collected by ω scan technique. The diffraction patterns for both complexes 

were indexed using CrysAlis1 software to obtain the unit cell parameters. The structures were 

solved with the direct methods (SHELXS-97) and refined on F2 by full-matrix least-squares 

(SHELXL-97).2 

 

 
Fig. S1. The 3D structure of 1 viewed along crystallographic a axis. 
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Fig. S2. The packing structure of 2 viewed along crystallographic a axis (C, gray; N, dark 

blue; O, red; Cu, light blue; H, white; Cl, green). 

 

Fig. S3. The packing structure of 3 viewed along crystallographic c axis (C, gray; N, dark 

blue; O, red; Cu, light blue; H, white; Cl, green). 
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Fig. S4. The packing structure of 4 viewed along crystallographic b axis (C, gray; N, dark 

blue; O, red; Cu, light blue; H, white; Cl, green). 

 

2.1 Table S1. Selected bond distances (Å) for complexes 1-4. (#1: 2-x, -y, z and #2: –x, y, 0.5-z) 

1 2 3 4 

Cu(1)-O(1) 1.949(5) Cu(1)-O(1) 1.970(4) Cu(1)-O(1) 1.901(6) Cu(1)-O(1) 1.944(3) 

Cu(1)-O(4) 1.933(5) Cu(1)-O(4) 1.944(4) Cu(2)-O(1) 1.941(6) Cu(1)-O(2) 1.941(3) 

Cu(2)-O(3) 1.958(5) Cu(2)-O(3) 1.948(4) Cu(2)-O(2) 1.903(6) Cu(1)-O(1)#2 2.468(3) 

Cu(2)-O(2) 1.909(5) Cu(2)-O(2) 1.928(4) Cu(1)#1-O(2) 1.963(5) Cu(2)-O(2) 1.968(3) 

Cu(3)-O(1) 1.950(5) Cu(3)-O(1) 1.959(4) Cu(1)#1-O(1)#1 1.901(6) Cu(2)-O(1)#2 1.949(3) 

Cu(3)-O(3) 2.002(5) Cu(3)-O(3) 2.014(4) Cu(2)#1-O(1)#1 1.941(5) Cu(2)-O(2)#2 2.472(4) 

Cu(4)-O(2) 1.912(5) Cu(4)-O(2) 1.912(4) Cu(1)-O(2)#1 1.963(6) Cu(1)#2-O(1) 2.468(3) 

Cu(4)-O(4) 1.975(6) Cu(4)-O(4) 1.951(4) Cu(2)#1-O(2)#1 1.903(6) Cu(1)#2-O(1)#2 1.944(3) 

Cu(2)-O(1) 2.485(5) Cu(2)-O(1) 2.317(4) Cu(1)-O(1)#1 2.573(5) Cu(1)#2-O(2)#2 1.941(3) 

Cu(3)-O(4) 2.489(5) Cu(3)-O(4) 2.655(4) Cu(1)#1-O(1) 2.573(5) Cu(2)#2-O(1) 1.949(3) 

Cu(4)-O(3) 2.351(5) Cu(4)-O(3) 2.390(4) Cu(2)#1-O(2) 2.544(5) Cu(2)#2-O(2) 2.472(4) 
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2.2 Table S2. Selected bond angles (°) for complexes 1-4. 

1 2 3 4 

Cu(1)-O(1)-Cu(2) 121.64(22) Cu(1)-O(1)-Cu(2) 120.47(17) Cu(1)-O(1)-Cu(2) 110.19(29) Cu(1)-O(1)#2-Cu(2) 85.46(10) 

Cu(1)-O(2)-Cu(2)  Cu(1)-O(2)-Cu(2)  Cu(1)-O(2)#1-Cu(2) 87.74(17) Cu(1)-O(2)-Cu(2) 101.24(12) 

Cu(1)-O(1)-Cu(3) 102.36(22) Cu(1)-O(1)-Cu(3) 104.33(18) Cu(1)#1-O(1)#1-Cu(2)#1 110.19(29) Cu(1)#2-O(1)-Cu(2)#2 85.46(10) 

Cu(1)-O(4)-Cu(3) 85.81(18) Cu(1)-O(4)-Cu(3) 83.32(13) Cu(1)#1-O(2)-Cu(2)#1 87.74(17) Cu(1)#2-O(2)#2-Cu(2)#2 101.24(12) 

Cu(1)-O(2)-Cu(4)  Cu(1)-O(2)-Cu(4)  Cu(1)-O(2)#1-Cu(2)#1 109.88(27) Cu(1)-O(1)-Cu(2)#2 108.42(15) 

Cu(1)-O(4)-Cu(4) 121.01(25) Cu(1)-O(4)-Cu(4) 120.62(19) Cu(1)-O(1)#1-Cu(2)#1 87.90(19) Cu(1)-O(2)-Cu(2)#2 90.57(12) 

Cu(2)-O(1)-Cu(3) 84.36(18) Cu(2)-O(1)-Cu(3) 86.64(14) Cu(1)#1-O(2)-Cu(2) 109.88(27) Cu(1)#2-O(1)#2-Cu(2) 108.42(15) 

Cu(2)-O(3)-Cu(3) 98.67(22) Cu(2)-O(3)-Cu(3) 96.02(16) Cu(1)#1-O(1)-Cu(2) 87.90(19) Cu(1)#2-O(2)#2-Cu(2) 90.57(12) 

Cu(2)-O(2)-Cu(4) 109.60(24) Cu(2)-O(2)-Cu(4) 111.02(24) Cu(1)-O(1)-Cu(1)#1 98.12(24) Cu(1)-O(1)-Cu(1)#2 102.47(14) 

Cu(2)-O(3)-Cu(4) 92.42(19) Cu(2)-O(3)-Cu(4) 93.11(14) Cu(1)-O(1)#1-Cu(1)#1 98.12(24) Cu(1)-O(1)#2-Cu(1)#2 102.47(14) 

Cu(3)-O(3)-Cu(4) 102.92(20) Cu(3)-O(3)-Cu(4) 105.31(16) Cu(2)-O(2)#1-Cu(2)#1 97.39(20) Cu(2)-O(2)-Cu(2)#2 103.13(12) 

Cu(3)-O(4)-Cu(4) 98.95(19) Cu(3)-O(4)-Cu(4) 98.07(15) Cu(2)-O(2)-Cu(2)#1 97.39(20) Cu(2)-O(2)#2-Cu(2)#2 103.13(12) 

 

3. Equation 1. Theoretical expression for χm derived from van Vleck equation with the 

simplified Heisenberg Hamiltonian. The equation (1) is used for the analysis of complexes 3 

and 4, respectively. 

The coupling scheme of copper centers for compound 3 and 4: 

 

χm = (0.75/x)×p1×p1×[5×exp((p2+p3+p4)/x)+exp((p2-p3-p4)/x)+exp((-p2+p3-p4)/x)+exp( 

(-p2-p3+p4)/x)]/[5×exp((p2+p3+p4)/x)+3×exp((p2-p3-p4)/x)+3×exp((-p2+p3-p4)/x)+3×exp(

(-p2-p3+p4)/x)+exp((-p2-p3-p4+2×((p2×p2+p3×p3+p4×p4-p2×p3-p2×p4-p3×p4)^0.5))/x)+ 

exp((-p2-p3-p4-2×((p2×p2+p3×p3+p4×p4-p2×p3-p2×p4-p3×p4)^0.5))/x)]+TIP        (1) 

P1---g;    p2---J1/kB   p3---J2/kB   p4---J3/kB   x---T 

TIP---temperature independent paramagnetism 
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4. X-ray powder diffraction. 

 

Fig. S5. X-ray powder diffraction patterns for (a) 1, (b) 2, (c) 3 and (d) 4. 

 

4. Magnetic studies. 

 

 

Fig. S6. Plot of M/Nβ vs. H at 2 K for 1. 
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Figure S7. Plot of M/Nβ vs. H at 2 K for 2. 

 

 

 

 

Figure S8. Plot of M/Nβ vs. H at 2 K for 3. 
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Figure S9. Plot of M/Nβ vs. H at 2 K for 4. 
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