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Figure S1. PXRD patterns for the title complexes (a) [Ni1]; (b) [Ni2]; (c) [Ni3]; (d) [Ni4]; (e) [Cu1]; (f) [Cu2]; (g) [Cu3]; (h) 
[Cu4]. The experimental patterns of each complex is matched with its corresponding simulated PXRD pattern from the crystal 
data. The experimental PXRD pattern of complex [Cu2] is only presented as its simulated pattern is not available due to lack 
of SCXRD data.
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Figure S2. FTIR spectra for the title complexes.

Table S1. Selected bond lengths (Å), angles (°)  and important hydrogen bonding interactions (Å) for title complexes.
[Ni1]

Bond lengths  (Å) 
Ni1-N1 2.085(11) Ni1-N2 2.117(10) Ni1-N3 2.072(12) Ni1-N2I 2.117(10)
Ni1-N4 2.100(6) Ni1-N6II 2.108(5) Ni1 -N2II 2.135(10) Ni1-N3II 2.087(11)
Ni1-N2III 2.135(11) Ni1-N6 2.108(5) Ni1-N4II 2.100(6) Ni1-N1II 2.079(11) 
Ni1-Ni2 5.313(11)

Bond angles (°)
N1-Ni1-N2 85.0(5) N2-Ni-N3 79.3(4) N3-Ni-N2I 79.3(4)
N2I-Ni-N1 85.0(5) N2-Ni-N4 104.2(5) N4-Ni-N6II 87.6(2)
N6II-Ni-N2I 96.7(6) N2I-Ni-N2 153.6(10) N1II-Ni1-N2II 85.0(5)
N2II-Ni1-N3II 79.3(4) N3II-Ni1-N2III 79.3(4) N2III-Ni1II-N1II 85.0(5)
N2II-Ni1II-N4II 105.1(7) N4II-Ni1II-N6 87.6(2) N6-Ni1II-N2III 96.7(6)
N2III-Ni1II-N2II 153.6(10)

[Ni2]
Bond lengths (Å)

Ni-N1 2.084(3) Ni-N2 2.127(3) Ni-N3 2.081(3) Ni-N4 2.130(3)
Ni-N5 2.109(3) Ni-N8 2.066(3)

Bond angles (°)
N1-Ni-N2 81.18(12) N2-Ni-N3 83.63(13) N3-Ni-N4 83.32(13)
N4-Ni-N1 81.15(12) N1-Ni-N5 89.50(13) N5-Ni-N8 84.88(13)
N8-Ni-N3 88.09(13) N3-Ni-N1 97.65(13)

Hydrogen Bonding Interactions
D-H····A D-H H····A D····A <(DHA)
N1-H1····N10I 1.00 2.10 3.023(5) 152.4
N4-H4····N10II 1.00 2.23 3.167(5) 156.3
N3-H3····N7III 1.00 2.07 3.046(5) 164.2
C8-H8B····N7IV 0.99 2.67 3.590(5) 154.0



[Ni3]
Bond lengths (Å)

Ni-N1 2.089(7) Ni-N2 2.130(7) Ni-N3 2.102(7) Ni-N4 2.158(7)
Ni-N5 2.085(8) Ni-N6 2.071(7)

Bond angles (°)
N1-Ni-N2 82.6(3) N2-Ni-N3 81.73(9) N3-Ni-N4 81.61(5)
N4-Ni-N1 82.03(9) N1-Ni-N5 84.13(10) N5-Ni-N8 87.630(3)
N8-Ni-N3 87.23(10) N3-Ni-N1 101.14(6)

Hydrogen Bonding Interactions
D-H····A D-H H····A D····A <(DHA)
N2-H1····S2I 1.00 2.62 3.481(4) 144.3
N4-H4····S2II 1.00 2.870 3.553(4) 156.10
N1-H1····S2III 1.00 2.753 3.620(4) 145.16
N3-H3····S1IV 1.00 2.76 3.578(6) 158.60

[Ni4]
Bond lengths (Å)

Ni-N1 2.060(4) Ni-N2 2.105(3) Ni-N3 2.036(4) Ni-N2I 2.105(3) Ni-O1 2.157(4)
Ni-O2 2.076(4)

Bond angles (°)
N1-Ni-N2 82.74(9) N2-Ni-N3 85.03(9) N3-Ni-N2 I 85.03(9) N2 I-Ni-N1 82.74(9)
N1-Ni-N3 102.40(17) N1-Ni-O1 99.17(9) O1-Ni-O2 62.52(13) O2-Ni-N3 99.17(9)

Hydrogen Bonding Interactions
D-H····A D-H H····A D····A <(DHA)
N1-H1····Br1 1.00 2.40 3.346(4) 157.2

[Cu1]
Bond lengths (Å)

Cu-N1 2.0119(12) Cu-N2 2.0217(12) Cu-N3 2.0328(12) Cu-N4 2.0395(12) Cu-N5 2.1032(12)
Bond angles (°)

N1-Cu-N2 86.18(5) N2-Cu-N3 85.77(5) N3-Cu-N4 85.85(5) N4-Cu-N1 86.42(5)
Hydrogen Bonding Interactions

D-H····A D-H H····A D····A <(DHA)
N1-H1····N10I 0.98 2.03 2.9734(18) 162.0
N3-H3····N8 0.98 2.12 3.0523(18) 157.2
N4-H4····N10II 0.98 2.06 2.9718(17) 153.5

[Cu3]
Bond lengths (Å)

Cu1A-N1A 2.021(5) Cu1A-N2A 2.031(5) Cu1A -N3A 2.025(5) Cu1A -N4A 2.014(5)
Cu1A-S1A 2.4555(19) Cu1B-N1B 2.033(5) Cu1B -N2B 2.038(5) Cu1B -N3B 2.027(5)
Cu1B -N4B 2.041(5) Cu1B -N5B 2.077(6)

Bond angles (°)
N1A-Cu1A-N2A 85.6(2) N2A-Cu1A-N3A 86.1(2) N3A-Cu1A-N4A 85.7(2)
N4A-Cu1A-N1A 85.5(2) N1B-Cu1B-N2B 85.4(2) N2B-Cu1B-N3B 84.8(2)
N3B-Cu1B-N4B 85.2(2) N4B-Cu1B-N1B. 85.5(2)

Hydrogen Bonding Interactions
D-H····A D-H H····A D····A <(DHA)
N4A-H4A····S1CI 0..98 2.37 3.318(5) 163.3
N1B-H1B····N1CI 0.98 2.05 2.957(8) 153.2
N3A-H3A····S1DII 0.98 2.49 3.439(6) 162.2
N3B-H3B····S1DIII 0.98 2.40 3.338(5) 159.6

[Cu4]
Bond lengths (Å)

Cu-N1 2.031(2) Cu-Br1 2.5313(5)
Bond angles (°)

N1-Cu-N1I 85.10(3)
Hydrogen Bonding Interactions

D-H····A D-H H····A D····A <(DHA)
N1-H1····Br2I 0.89 2.53 3.319(2) 148.5



Symmetry codes used to generate equivalent atoms: I = x, -y, z; II = -x+1, y, -z+1; III = -x+1, -y, -z+1 for [Ni1]; I1/2-X, 1-Y, 1/2+Z; IIX, 3/2-Y, 1/2+Z; III-1/2+X, 
3/2-Y, 1-Z ; IV1-X, -1/2+Y, 3/2-Z for [Ni2]; I1/3+Y-X, 2/3-X, -1/3+Z; II1-Y, 1-X, -1/2+Z; III-1/3+X, 1/3+X-Y, -1/6+Z; IV2/3-Y, 1/3+X+Y, 1/3+Z for [Ni3]; I = x, -y, z 
for [Ni4]; I =-x+1, -y+1, -z+1; II = x-1, y, z for [Cu1]; I-1/2+x, ½-y, 1-z; II2-x, 1/2+y, ½-z; III2-x, -1/2+y, ½-z for [Cu3]; I = x, 3/2-y, z for [Cu4].

Table S2. Dihedral angle between four nitrogen atoms of cyclen and deviation of metal from the basal plane in the title 
complexes. The ligands nitrogen’s are shown in ink blue and anionic nitrogen in teal blue color.`  
Comple

x
Dihedral angle 
between four nitrogen 
atoms of the ligand (º)

Deviation of 
metal ion from 
the basal plane 
(Å)

[Ni1] 51.5; 53.7 0.182(1)
[Ni2] 52.1 0.167(11)
[Ni3] 54.6 0.121(2)
[Ni4] 51.7 0.144(3)
[Cu1] 2.7 0.533(2)
[Cu3] 0.2; 0.0 0.553(2); 0.587(1)
[Cu4] 0.0 0.592(2)

Ni 
N1 

N2 
N3 

N4 

Cu N1 

N2 
N3 

N4 

Ni Complexes Cu Complexes

Table S3. Selected distances and angles for reported complexes of Ni(II) with cyclen.
S.No. Complex Ni-Ncy

(Å)
Ni-Ni
(Å)

Dihedral 
angle

(o)
1.

[Ni(cyclen)]2[Pt(CN)4]2·6H2O[S1]

2.07-2.14 7.462 39.300
38.291

2.

[Ni(cyclen)]2[Ni(CN)4]2·6H2O[S1]

2.07-2.13 7.245 38.484
38.231

2.02-2.11 8.610 36.217
35.829



[Ni2(cyclen)2(tp)](ClO4)2 [S2]

[Ni2(trpn)2(tp)(H2O)2](ClO4)2 [S2]

2.07-2.12 8.231 37.424

[Ni2(3,3,3-tet)2(tp)(H2O)2](ClO4)2·2H2O [S2]

2.09-2.14 9.113 36.223

[(cyclenNi)2PdL2]2+ [S3]

2.09-2.11 10.313 38.318

[RuIV
4NiII

2(μ3-OMe)2(μ-OMe)2(μ-N)2(μ-N3)2(μ-
Ophenoxy)2(sap)4(MeOH)4]·8MeOH[S3]

2.10-2.13 7.664 39.359

Table S4. Selected distances and dihedral angle of cyclen in reported Cu(II) complexes with cyclen.
S.No. Complex Cu-Ncy

(Å)
Dihedral angle 

(o)



1.

[(cyclen)CuMoO4]2(H2O)2
[S4]

2.03-2.04 1.213

2.

[Cu(cyclen)(CH3CN)][W6O19][S5]

2.00-2.04 0.929

3.

[Cu(cyclen)(H2O)](SO)42(H2O)[S6]

2.02-2.03 0.245

4.

[Cu(cyclen)(H2O)](SO)4(H2O)[S6]

2.01-2.03 1.481

5.

[Cu(C8H16N4O2)2].2(ClO4) [S7]

2.03-2.08 1.991

6.

[Cu(cyclen)(N(CN)2)](N(CN)2) [S7]

1.90-2.04 2.809



7.

[Cu(cyclen)(CN)2(N(
CN)4)] [S7]

1.98-2.03 2.422

8.

[Cu(Cyclen)H2O](Tpa)⋅3H2O [S8]

Tpa = Dianion of Terephalic Acid)

2.00-2.07 2.597

9.

[Cu(cyclen)(adeninato)] ⋅ClO4⋅2H2O [S8]

2.02-2.06 3.725

10.

[{Cu(cyclen)}2(hypoxanthinato)] ⋅ (ClO4)3
[S8]

2.00-2.04

2.01-2.08

0.006

0.150

11.

[Cu(cyclen)(theophyllinato)]3⋅ (ClO4)3⋅2H2O[S8]

2.01-2.07

2.03-2.06

1.900

0.640



12.

[Cu(cyclen)(xanthinato)]⋅(0.7ClO4)⋅(0.3ClO4)⋅3H2O⋅ 
(0.5H2O)3

[S8]

2.01-2.07 3.625

13.

[Cu(cyclen)(4,4`-bipy)](ClO4)2
[S9]

2.02-2.03

2.02-2.04

0.305

0.548

14.

[Cu(SCN)(C8H20N4)]2- [Ca(NCS)4(H2O)2]⋅2H2O[S10]

2.02-2.05 0.359

15.

CuL
1
](BF4)2 [S11]

L1=1-(benzimidazol-2-ylmethyl)-1,4,7,10-tetraazacy- 
clododecane

2.00-2.08 3.451

16.

[Cu(Cyclen)(NO3)]NO3
[S12]

2.00-2.03 1.723

17.

[Cu(C4N3)(C8H20N4)](C4N3)[S13]

2.01-2.30 0.023



18.

[Cu(Cyclen)(H2O)]2+[CBn][S14]

CB= Cucurbit-[n] uril ; n = 5, 7, and 8

2.06-2.07 0.274

19.

[Cu(cyclen)](ClO4)2 [S15]

2.01-2.02 1.474
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