
Supplementary Information 1 

 2 
Table S1 Comparison of crystal parameters of compound 1 with the already reported 3 
compounds 4 
 5 
Crystal Parametres 1 CCDC 752079 CCDC 1166932 CCDC 

2166801 
Emprical formula C24H18ClCuN5O4 C12H8Cl0.50Cu0.50N2.

50O2 
C24H18ClCuN5O4 C24H18ClCuN5

O4 
Formula weight 539.42  268.70 539.41 539.43 
Temperature (K) 100.0 293(2) 295 296(2) 
Crystal system Triclinic Triclinic Triclinic Triclinic 
Space group P1 ഥ  P1 ഥ  P1 ഥ  P1 ഥ  
a/Å 9.6570(9) 9.7359(6) 11.128(1) 9.771(2) 
b/Å 10.8732(10) 11.1382(7) 12.026(4) 11.148(2) 
c/Å 11.9997(11) 12.0067(8) 9.738(2) 12.052(2) 
α º 68.329(2) 67.739(6) 108.84(2) 67.823(2) 
βº 70.758(2) 71.020(5) 108.54(2) 71.034(2) 
γ º 71.247(2) 71.484(5) 67.83(2) 71.423(2) 
Volume (Å3) 1076.48(17) 1111.0(12) 1113.23 1120.5(4) 
Z 2 4 2 2 
Calculated density 
(g/cm3) 

1.664 1.606 1.609 1.599 

Absorption coefficient 
(mm-1) 

2.965 1.146 Not available 1.138 

F(000) 550.0 546.0 Not available 550 
Crystal size (mm3) 0.45×0.21×0.21 0.40×0.38×0.36 Not available 0.30×0.26×0.2

3 
Index ranges -11 ≤ h ≤ 11, 

-13 ≤ k ≤ 13, 
-14 ≤ l ≤ 14 

-11<=h<=13, 
-14<=k<=13, 
-13<=l<=16 

Not available -13<=h<=13, 
-14<=k<=14, 
-16<=l<=16 

Reflections collected 27524 5800 Not available 5715 
Unique data(Rint) 3909 (0.0523) 3607 Not available 4035 
Refinement method Full-matrix 

least-squares on 
F2 

Full-matrix least-
squares on F2 

Not available Full-matrix 
least-squares 

on F2 
Data / restraints / 
parameters 

3909 / 0 / 320 4824 / 0 / 316 Not available 5715 / 0 / 383 

Goodness-of-fit on F2 1.162 1.060 Not available 1.020 
Final Rindices[I>2σ (I)] 
R1/ wR2 

0.0412/ 0.1047 0.0410/0.1182 Not available 0.0464/0.1194 
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Table S2 Comparison of crystal parameters of compound 2 with the already reported 7 
compound 8 
Crystal Parametres 2 CCDC 148860 
Emprical formula C20H32Cl4Cu2N8 C20H32Cl4Cu2N8 
Formula weight 653.41 653.42 
Temperature (K) 111.0 173.0 
Crystal system monoclinic monoclinic 
Space group P21/c P21/c 
a/Å 8.6960(6) 8.7137(8) 



b/Å 13.4486(9) 13.5493(14) 
c/Å 11.8533(8) 11.8847(12) 
α º 90 90 
βº 106.117(2) 106.179(2) 
γ º 90 90 
Volume (Å3) 1331.75(16) 1347.6(2) 
Z 2 2 
Calculated density (g/cm3) 1.629 1.610 
Absorption coefficient (mm-1) 5.872 2.000 

F(000) 668.0 668.0 
Crystal size (mm3) 0.22×0.152×0.108 0.30×0.25×0.20 
Index ranges -10<=h<=8, 

-16<=k<=16, 
-14<=l<=14 

-11<=h<=10, 
-17<=k<=11, 
-15<=l<=15 

Reflections collected 8827 6096 
Unique data(Rint) 2336 (0.0359) 2985 
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2 
Data / restraints / parameters 2528 / 0 / 205 2985 / 0 / 162 
Goodness-of-fit on F2 1.188 1.057 
Final Rindices[I>2σ (I)] R1/ wR2 0.0435/ 0.1127 0.0455/0.1235 
 9 
 10 

 11 
Figure S1 1D supramolecular chain of compound 1 assisted by C‒H∙∙∙Cl and π-stacking 12 
interactions. 13 
 14 



 15 
Figure S2 Layered assembly of compound 1 along the crystallographic ac plane. 16 
 17 

 18 
Figure S3 Layered assembly of compound 2 assisted by non-covalent C‒H∙∙∙C interactions. 19 

Table S3 Selected parameters for C–H⋯C interactions in compound 2. 20 
C–H⋯C   d(C–H)   d(C⋯C)  d(H⋯C)  Hybridization of C-atoms 21 
C51‒H51E∙∙∙C51  0.94  3.88  3.82  C(sp3)‒H∙∙∙C(sp3) 22 
C51‒H51F∙∙∙C51  0.94  3.88  3.25  C(sp3)‒H∙∙∙C(sp3) 23 
C31‒H31B∙∙∙C4  0.94  3.62  3.81  C(sp3)‒H∙∙∙C(sp2)  24 
C4‒H4∙∙∙C4  0.94  3.69  3.43  C(sp2)‒H∙∙∙C(sp2) 25 
C4‒H4∙∙∙C3  0.94  3.86  2.92  C(sp3)‒H∙∙∙C(sp3) 26 
C51‒H51E∙∙∙C31  0.94  3.60  3.36  C(sp3)‒H∙∙∙C(sp3) 27 
C51‒H51D∙∙∙C31  0.94  3.60  3.48  C(sp3)‒H∙∙∙C(sp3) 28 
C31‒H31F∙∙∙C51   0.94  3.52  3.60  C(sp3)‒H∙∙∙C(sp3) 29 
C31‒H31D∙∙∙C51  0.94  3.60  3.52  C(sp3)‒H∙∙∙C(sp3) 30 
C51‒H51F∙∙∙C31   0.94  3.60  3.69   C(sp3)‒H∙∙∙C(sp3) 31 
C51‒H51B∙∙∙C31  0.94  3.50  3.65  C(sp3)‒H∙∙∙C(sp3) 32 
C31‒H31B∙∙∙C51  0.94  3.60  3.49  C(sp3)‒H∙∙∙C(sp3) 33 
C51‒H51B∙∙∙C31  0.94  3.60  3.65   C(sp3)‒H∙∙∙C(sp3) 34 
C51‒H51C∙∙∙C31  0.94   3.60  3.58   C(sp3)‒H∙∙∙C(sp3) 35 
C31‒H31C∙∙∙C51  0.94  3.60  3.41  C(sp3)‒H∙∙∙C(sp3) 36 
 37 
3.3 Spectral studies 38 

3.3.3 FT-IR spectroscopy 39 

The KBr phase FT-IR spectra of the compounds 1 and 2 were recorded in the frequency 40 

region of 4000-500 cm-1 (Figure S4). The broad absorption band in the frequency region of 41 

3200-3450 cm-1 in the spectrum of the compound 1 can be assigned to ν(O‒H) stretching 42 

vibrations of the lattice water molecule [83]. The shifting of δ(C‒H) vibrations of phen in the 43 

FT-IR spectrum of the compound 1 can be attributed to the fact that phen donates a pair of 44 

electrons to the Cu(II) centre forming coordinate covalent bonds [84-85]. The absorption 45 

bands obtained at around 1145 cm-1 in the FT-IR spectrum of 1 can be attributed to the 46 



v(C=C) and v(C=N) vibrations of coordinated phen [86]. The sharp absorption bands at 1382 47 

cm-1 for compound 1 is due to the presence of uncoordinated nitrate ion [87]. In the FT-IR 48 

spectrum of compound 2, the weak absorption bands obtained in the frequency region of 49 

2924-2726 cm-1 can be assigned to the ν(C–H) stretching vibrations of the coordinated 50 

Hdmpz moieties [88]. The ring stretching vibrations of Hdmpz moieties (C‒N, N‒N and C=N 51 

respectively) are obtained at 1466, 1267 and 1160 cm-1 in the FT-IR spectrum of compound 2 52 

[89].  53 

 54 
 55 
 56 

 57 

 58 

 59 
 60 

Figure S4 FTIR spectra of compounds 1 and 2. 61 

3.3.2 Electronic spectroscopy 62 

The electronic spectra of the compounds have been recorded in both solid and in 63 

aqueous phases (Figures S5-S6). The broad absorption band in UV-Vis-NIR spectrum 64 

(Figure S5a) of 1 at 683 nm is due to the 2Eg→2T2g transition, suggesting distorted square-65 



pyramidal geometry around the copper centre [1]. The UV band originating due to the π→π* 66 

transition of the phen ligands is observed at 271 nm [2]. In the UV-Vis spectrum (Fig. S5b) in 67 

water, the absorption band due to π→π* transition is observed at 273 nm. In the aqueous 68 

phase spectrum, the absorption band at 678 nm can be attributed to the 2Eg→2T2g transition of 69 

the Cu(II) centers [3]. Similar electronic spectra for the compound 2 are also observed 70 

revealing the presence of Cu(II) centers in the compounds (Figure S6).  71 

 72 

 73 

 
(a) (b) 

Figure S5(a) UV-Vis-NIR spectrum of 2 (b) UV-Vis spectrum of 2 in water 74 

 75 

The observed similarities in the position of the absorption peaks in the solid and 76 

aqueous phase electronic spectra suggest that the bonding modes and geometries of the 77 

compounds do not undergo any distortion in aqueous phase [4]. 78 

 79 

  
(a) (b) 

 80 
Figure S6(a) UV-Vis-NIR spectrum of 3  (b) UV-Vis spectrum of 3. 81 
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 86 

FigureS7 TGA curves of compounds 1 and 2 87 

 88 
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 91 
 92 

FigureS8 Decomposition of various ligands in various steps of compounds 1-2 in TGA 93 

analysis 94 

 95 

 96 
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