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Spectroscopy
1. Ligand
Yield 86 % , Melting point: 209 ◦C, C15H12N4O, m/e 264.10, Elemental Analysis; Found; C, 68.17; H, 4.58; 
N, 21.20; O, 6.05, Calculated: C, 68.38; H, 4.69; N, 21.18; O, 6.02, mp 214 °C ;IR (KBr) (υ, cm_1): 3178 
(NH), 1657 (CO), 1600 (C=N), 1575 (C=C);1H NMR (400 MHz, DMSO-d6)  δ: 7.13–8.76 (m, 7H, Ar-H 
+ [nicotine ring]), 7.87 (s, 1H, indole-H), 8.63 (s,1H, CH=NNH),9.09 (s, 1H, Nicotine [N=CH-CCO]), 
11.56 (br.s, 1H,CONHN, exchangeable), 11.64 (br.s, 1H, NH-indole). The X-ray crystal information is 
presented in table S1 and Figure S1 of the supplementary material.

2. Complex
Yield 89%. Melting point: 237 ◦C; IR (KBr)(υ, cm_1): 1590 (C=O), 1540 (C=N), 1332, 1025 ,540 (Zn-O), 
481 (Zn-N), m/e (%) 588.1 (100) ; Elemental analysis for C30H24ZnN8O2 (%): Calculated C 61.08, H 3.42, 
N 18.99,O , 5.42; Found: C 61.23, H 3.45, N 19.01,O 5.46. 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 6.97(m, 
3H, Ar-H), 6.99(s, J = 8 Hz, 2H, Ar-H), 7.13(d, J = 8 Hz, 2H, Ar-H), 7.40(t, J = 8 Hz, 2H, Ar-H), 7.44(sbr, 
3H, Ar-H), 7.60(d, J = 8 Hz, 1H, Ar-H), 7.81(s, 2H, indole-H), 8.29(s, 1H, Ar-H), 8.31(d, 2H, Ar-H), 9.00(s, 
2H, Nicotine [N=CH-CCO]), 11.38(s, 2H, N-H) ,11.60 (br.s, 2H, NH-indole).

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2022

mailto:louismuzong@gmail.com


Crystal structure of the ligand (L1)

The molecular structure of L1 is depicted in Figure S1a along with the atomic numbering scheme. The 

crystal structure refinement data for L1 is given in Table S1. The L1 has two independent molecules having 

different torsion angle in the asymmetric unit of the crystal designated as molecule A (green) with a planar 

structure, molecule B (blue) with a twisted structure. There are a total of 8 molecules of C15H12N4O in the 

unit cell. The Schiff base L1 crystallizes in the monoclinic system in space group P21/c. In L1, the bond 

distance C(21)-O(1) is equal to 1.236(3) Å indicating its double bond nature. The bond lengths N(6)-N(7) 

and C(21)-N(6) are equal to 1.392(3)Å and 1.342(3)Å, respectively while C(21)-N(6)-N(7) equal to 

120.63(17). Most of bond distances and angles were within common ranges of normal covalent bonds. The 

intermolecular hydrogen bond between (indole) N4-H…O1 (carbonyl) was observed for L1 molecule. The 

6-membered aromatic rings are stacked via weak Π-interaction, and stacked rings of  B are perpendicular 

to C=N bond of A. 

                                                                     (a)



                              

                                                                                         (b)

Figure S1(a) Molecular structure with atom numbering scheme (b) Crystal packing of distinguished 
                    Crystallographic  independent molecules (A=green, B=blue) and molecular structures of for 
L1.

  

                         Table S1. Crystal data and structure refinement of L1

Empirical formula C30H24N8O2

Formula weight 528.57

Temperature (K) 173

Crystal system monoclinic

Space group P21/c (# 14)

a, (Å) 11.4069(18)

b, (Å) 12.822(2)

c, (Å) 18.149(3)

α (°) 90.0000

β (°) 94.810(4)

γ (°) 90.0000

Volume (Å3) 2645.1(7)

Z 4

ρcalc(g/cm3) 1.327

μ (mm-1) 0.088

F(000) 1104

Crystal size (mm3) 0.12 × 0.11 × 0.1



Radiation Mo Kα (λ = 0.71073)

Tmin, Tmax 0.93, 0.98
No. of reflections 5116
No. of parameters 362
Goodness of fit 1.127
 R1[I>2σ(I)] 0.0367
WR2 0.1040

                  _______________________________________________

Table S2: Second order perturbation theory analysis of fock matrix in NBO basis estimated at 
DFT/ωB97XD/Gen

Donor Orbital Acceptor 
Orbital

E2 Kcal/mol E(j)-E(i) F(i,j)

L1
π* N4 - C5 π* C7 - C8 62.43 0.02 0.067
π* C1 - O2 π* C12-C16 37.35 0.04 0.071

L2
π* C1 - O2 π*C12-C16 71.32 0.02 0.071
LP(2) S  11 π*C7 - C8 33.17 0.38 0.101
LP(2) S  13 π*C14-C15 32.15 0.38 0.101

L3
π* C1 - O2 π* C12-C16 44.01 0.03 0.072
LP (2) S  11 π* C7 - C8 33.20 0.38 0.101

L4
π* C9 - C10 π* C7 - C8 121.46 0.01 0.069
LP (2) N  22 π* C12 - C13 67.78 0.26 0.127
π* C1 - O2 π* C11 - C14 66.07 0.04 0.083

L1Ni
π C7 - C13 π* O2 - C6 41.69 0.33 0.108
LP (2) O  2 LP*(6) Ni  45 20.47 1.02 0.131

L2Ni
π*C35-C41 π*C36-C37 66.79 0.02 0.074
π*C7-C13 π*C8-C9 57.27 0.03 0.075

LP (1) N   4 LP*(6) Ni  47 22.78 1.01 0.138
L3Ni

π* C7 - C13 π* C8 - C9 56.34 0.03 0.075
π C7 - C13 π* O2 - C6 41.09 0.33 0.107

L4Ni
π* C17 - C23 π* C18 - C19 51.01 0.03 0.075
π C  18 - C  19 LP*(2) N  46 92.86 0.13 0.123

L1Ni-H2S
LP (2) O 25 σ*C9 - H12 1227.96 0.07 0.291

π* C18 - C24 σ* C9 - H12 1211.30 0.09 0.654
L2Ni-H2S

σ C18 - H21 σ* C19 - H22 7484.17 0.29 1.304
σ C36 - C37 π* C25 - C46 15641.30 0.33 2.237
σ C17 - C23 σ* C19 - H22 3289.88 0.93 1.562

L3Ni-H2S
σ N5 - H14 σ* C36 - H39 5278.79 0.03 0.379



LP (1) S  48 σ* C9 - H12 2093.84 0.57 0.979
L4Ni-H2S

LP (1) S  48 σ* S48 - H50 7726.42 0.07 0.664
σ S48 - H49 σ* S48 - H49 4315.68 0.16 0.735
σ S48 - H49 σ* C33 - C41 8244.44 0.02 0.394

Table S3: Thermodynamic properties for studied adsorptions
Parameters L1Ni        H2S Product(L1Ni-H2S)
E0 -2266.784910 -399.399992 -2666.243780
Ezpe 0.362892 0.015678 0.385088
Etot 0.386786 0.018525 0.411843
Hcorr 0.387730 0.019470 0.412788
Gcorr 0.306314 -0.003877 0.325255
Eo +EZpE -2266.422019 -399.384314 -2665.858692
Eo+Etot -2266.398124 -399.381467 -2665.831937
Eo+Hcorr -2266.397180 -399.380522 -2665.830993
Eo+Gcorr -2266.478597 -399.403869 -2665.918526
ΔfH0(298k) 35.9821kcal/mol
ΔrG0 (298k) 24.3477kcal/mol

L2Ni  H2S Product(L2Ni-H2S)
E0 -3558.731314 -399.399992 -3958.188657
Ezpe 0.346838 0.015678 0.368096
Etot 0.373048 0.018525 0.397139
Hcorr 0.373992 0.019470 0.398084
Gcorr 0.286051 -0.003877 0.304812
Eo +EZpE -3558.384477 -399.384314 -3957.820561
Eo+Etot -3558.358266 -399.381467 -3957.791518
Eo+Hcorr -3558.357322 -399.380522 -3957.790574
Eo+Gcorr -3558.445263 -399.403869 -3957.883846
ΔfH0(298k) 35.6033 kcal/mol
ΔrG0 (298k) 23.4389 kcal/mol

L3Ni  H2S Product(L3Ni-H2S)
E0 -2912.766458 -399.399992 -3312.225927
Ezpe 0.355767 0.015678 0.378181
Etot 0.380530 0.018525 0.405647
Hcorr 0.381474 0.019470 0.406592
Gcorr 0.297818 -0.003877 0.317557
Eo +EZpE -2912.410690 -399.384314 -3311.847746
Eo+Etot -2912.385928 -399.381467 -3311.820279
Eo+Hcorr -2912.384984 -399.380522 -3311.819335
Eo+Gcorr -2912.468640 -399.403869 -3311.908370
ΔfH0(298k) 36.3453 kcal/mol
ΔrG0 (298k) 24.2133 kcal/mol

L4Ni  H2S Product(L4Ni-H2S)
E0 -2225.730381 -399.399992 -2625.177484
Ezpe 0.358415 0.015678 0.377741



Etot 0.382320 0.018525 0.404823
Hcorr 0.383264 0.019470 0.405767
Gcorr 0.301689 -0.003877 0.317077
Eo +EZpE -2225.371966 -399.384314 -2624.799743
Eo+Etot -2225.348061 -399.381467 -2624.772661
Eo+Hcorr -2225.347117 -399.380522 -2624.771717
Eo+Gcorr -2225.428693 -399.403869 -2624.860407
ΔfH0(298k) 29.7615 kcal/mol
ΔrG0 (298k) 18.8009 kcal/mol

Table S4- S: Atomic coordinates of the studied compounds 









 


















