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ABSTRACT: To examine the influence of the metal ions and their counterions on crystalline networks, we have 
designed and synthesized six MX2/8-aminoquinoline (8-aq) (M = MnII, CuII, 
CdII and X = Cl−, Br−, I−, NO3 −, SCN−) complexes, having the formulas [Mn(8-aq)2 I2]·(1), [Mn(8-aq)2(H2O)2](8-
aq)3·Br2 (2), [Mn(8-aq)2(SCN)2] (3), [Cu(8-aq)2Cl(H2O)]·Cl·H2O (4), [Cu(8-aq)2(NO3)(H2O)]·NO3 (5), and Cd(8-
aq)2I2 (6). Single-crystal Xray diffraction analyses showed that all of the complexes have a distorted octahedral 
geometry, in which each 8-aq molecule acts as a bidentate ligand and coordinates to the central metal ion with its 
common coordination mode, to form an N,N′ chelating motif. 
Remarkably, the influence of the counterion on the geometry of the complex is very significant since both I− and 
SCN− anions are coordinated to the metal ion in compounds 1, 3, and 6, adopting a cis configuration, while a single 
anion occupies an axial position in compounds 4 and 5 (Cl− and NO3−, respectively) and the other counterion is not 
coordinated. Finally, both Br− anions are not coordinated in the cationic complex 2 (Mn metal center). In all cases, 
there are extended supramolecular networks due to cooperativity hydrogen-bonding and π−π stacking interactions 
that play an essential role in the formation and stability of the crystalline materials. The binding energies attributed to 
the different interactions have been evaluated using DFT calculations. 
 
1. INTRODUCTION 
In modern terminology, the meaning of “supramolecular” has become closely related to a strategy to control self-
assemblies, tightly linked to coordinative interactions between metals and organic ligands, which also interact through 
intermolecular forces, such as hydrogen-bonding, donor−acceptor, and π−π stacking interactions.1 In crystal 
engineering, some powerful synthetic factors for controlling the self-assembly process and the construction of desired 
supramolecular architectures with potential applications2−4 are at hand, such as the nature of the metal center5−8 
and its counterions,9−11 steric and conformational properties of the organic ligand,12,13 and the reaction 
conditions.14−17 A common feature of such design approaches is the use of polyfunctional organic ligands as 
geometrically predetermined units, and metal salts containing various counterions with a different ability to 
coordinate.17Several independent systematic studies involving MX2/N-heterocyclic ligands (M = Zn, Cd, Hg, Ag, Cu, 
and Fe; X = NO3, SCN, Cl, 
Br, I, SO4)18−29 are available in the literature devoted to explore possible correlations between these factors with 
structuralparameters, geometries, and the self-assembly pattern in crystalline networks. Some of us have also 
investigated the self-assembly process of organic/inorganic motifs into a crystalline network using 8-aq as organic 
ligand and mercury halides to rationalize the impact of the counter-halides on the solid-state architecture.21Ligand 8-
aq and its derivatives have recently attracted attention because of their antiprotozoal and other medicinal 
properties.19 As a ligand, 8-aq is a relatively bulky chelating planar ligand with excellent features that make it 
extremely interesting in supramolecular chemistry: (1) Its NH2 functional group can coordinate to a metal, but it can 
also participate in hydrogen-bonding interactions. (2) It can provide π−π stacking interactions with aromatic rings, 
thus controlling the intergrowth of interpenetrating networks.30−32 As a continuation of our efforts to investigate the 
influence of the metal ion and its accompanying anions on the resulting 8-aq complexes, we have designed and 
synthesized six coordination compounds [Mn(8-aq)2I2] (1), [Mn(8-aq)2(H2O)2](8-aq)2· Br2 (2), [Mn(8-aq)2(SCN)2] 
(3), [Cu(8-aq)2Cl(H2O)]Cl·H2O (4), [Cu(8-aq)2(NO3)(H2O)]·NO3 (5), and [Cd(8-aq)2I2] (6) by utilizing different 
manganese, copper, and cadmium salts containing Cl−, Br−, I−, NO3−, and SCN− anions (see Scheme 1). They have 
been characterized by elemental analyses and IR spectroscopy and have been structurally determined by 
singlecrystal X-ray diffraction analysis. The X-ray crystallography studies demonstrate that π−π stacking and 
hydrogen-bonding interactions are crucial to the formation and generation of various higher-dimensional (3D) 
networks. In addition, we have analyzed energetically these π−π and H-bonding interactions by means of DFT 
calculations. 
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2. EXPERIMENTAL SECTION 
2.1. Materials and Instrumentation. All reagents and solvents were purchased from commercial sources and were 
used directly without further purification. Infrared spectra in the range of 4000−600cm−1 were recorded on a Buck 500 
scientific spectrometer using KBr discs. Elemental analyses were carried out with a Thermo Finnigan 
Flash-1112EA microanalyzer and PerkinElmer 2004(II) apparatus. For the structures of 1−6, X-ray data were 
obtained with a Bruker APEX II CCD diffractometer. Melting points were determined on a Barnstead Electrothermal 
9300 apparatus. 



2.1.1. X-ray Crystallography. For 1−6, the crystals were mounted on a glass fiber and flash-frozen to 100−150 K 
(Oxford Cryosystems- Cryostream cooler). A preliminary examination and intensity data collection were carried out 
using an APEX II CCD diffractometer, ω scans, and graphite-monochromated Mo−Kα radiation generated from an X-
ray tube operating at 50 kV and 25 mA. The data were corrected for Lorentz and polarization effects (see Table 1). 
The images were interpreted and integrated with the program CrysAlisPro.33 All structures were solved by direct 
methods (SHELXS97)34 and refined by the full-matrix least-squares method on all F2 data (SHELXL97).35 
2.1.2. Computational Methods. The energies of all complexes included in this study were computed at the BP86-
D3/def2-TZVP level of theory. The geometries have been obtained from the crystallographic coordinates. The 
calculations have been performed by using the program TURBOMOLE version 6.5.36 The interaction energies were 
calculated with correction for the basis set superposition error (BSSE) by using the Boys−Bernardi counterpoise 
technique.37 For the calculations, we have used the BP86 functional with the latest available correction for dispersion 
(D3). For the ligand-exchange study, we have optimized the complexes imposing either C2h or Ci symmetry 
constrain for the Cu(8-aq)2X2 and [Cu(8-aq)2(H2O)2]X2 complexes, respectively. 
2.2. Synthesis of [Mn(8-aq)2I2] (1). A saturated solution (5 mL) of sodium iodide was added to an aqueous solution (5 
mL) of Mn(CH3COO)2·4H2O (24 mg, 0.10 mmol). A 50 mg (0.35 mmol) portion of 8-aminoquinoline (8-aq) in 5 mL of 
MeOH was added dropwise to the previous solution, and the mixture was stirred for 1 h at room temperature. By slow 
evaporation of the solvent, green plate single crystals of 1 were obtained after 5 days. Yield: 56% (based on 
Mn). IR (KBr pellet, cm−1): 3196, 3095 (N-H); 1504, 1469 (C C); 1372 (C N); 1006 (C-N). Anal. Calcd for 
C18H16I2MnN4: C, 36.2; H, 2.34; N, 9.38. Found: C, 36.1; H, 2.28; N, 9.33% . mp 270 °C. 
2.3. Synthesis of [Mn(8-aq)2(H2O)2](8-aq)3·Br2 (2). The preparation of 2 is similar to that of 1, except that NaBr was 
used instead of NaI. Pale yellow block crystals of 2 were obtained after 5 days. Yield: 45% (based on Mn). IR (KBr 
pellet, cm−1): 3307 (O-H); 3163, 3090 (N-H); 1509 (C C); 1371 (C N); 1080(C-N). Anal. Calcd for 
C45H44Br2MnN10O2: C, 52.38; H,4.15; N,13.57. Found: C, 52.35; H, 4.12; N,13.50%. mp 220 °C. 
2.4. Synthesis of [Mn(8-aq)2(SCN)2] (3). A mixture of 8-aq (43mg, 0.30 mmol) and KSCN (29 mg, 0.30 mmol) in 10 
mL of methanol was added to 10 mL of a methanolic solution of MnCl2· 2H2O. The pale brown solution was stirred 
for 1 h. By slow evaporation of the solvent at room temperature, pale yellow block single crystals of 3 were obtained 
after 1 week. Yield: 67% (based on Mn). IR (KBr pellet, cm−1): 3202, 3110 (N-H); 2076 (C-N)SCN −; 1503, 1471 (C
C); 1395 (C N); 1008 (C-N). Anal. Calcd for C20H16MnN6S2: C, 52.27; H, 3.04; N, 18.29; S, 13.95. Found: C, 
52.38; H, 3.09; N, 18.35; S, 13.88%. mp 240 °C. 
2.5. Synthesis of [Cu(8-aq)2Cl(H2O)]Cl·H2O (4). A 50 mg (0.34 mmol) portion of 8-aq in 7 mL of MeOH was added 
dropwise to a clear solution of 60 mg of (0.34 mmol) CuCl2·2H2O in a mixture of methanol (2 mL) and water (5 mL). 
It was stirred for 2 h. By slow evaporation of the solvent at room temperature, black block single crystals of 4 were 
obtained. Yield: 80% (based on Cu). IR (KBr pellet, cm−1): 3354 (O-H); 3230, 3155 (N-H); 1505, 1476 (C C); 1385 
(C N); 896 (C-N). Anal. Calcd for C18H20Cl2CuN4O2: C, 47.28; H, 3.94; N, 12.26. Found: C, 47.25; H, 3.91; N, 
12.25%. mp 220 °C. 
2.6. Synthesis of [Cu(8-aq)2(NO3)(H2O)]·NO3 (5). The preparation of 5 is similar to that of 4, except that 
CuCl2·2H2O was replaced by Cu(NO3)2·3H2O (83 mg, 0.34 mmol). Black plate crystals of [Cu(8  
aq)2(NO3)(H2O)]·NO3 were obtained after 1 week. Yield: 78% (based on Cu). IR (KBr pellet, cm−1): 3405 (O-H); 
3218, 3177 (NH); 1514 (C C); 1374, 1100 (NO3); 906 (C-N). Anal. Calcd for C18H18CuN6O7: C, 43.91; H, 3.25; N, 
17.07. Found: C, 43.83; H, 3.19; N, 17.05%. mp 230 °C. 
2.7. Synthesis of [Cd(8-aq)2I2] (6). A 40 mg (0.27 mmol) portion of 8-aminoquinoline (8-aq) in 5 mL of MeOH was 
added dropwise to an aqueous solution (5 mL) of CdI2 (50 mg, 0.13 mmol). The colorless solution was stirred for 2 h 
at room temperature. Pale yellow block crystals were obtained by slow evaporation of the solution after 2 
weeks. Yield: 51% (based on Cd). IR (KBr pellet, cm−1): 3290, 3214 (N-H); 1576 (C C); 1499 (C N); 988 (C-N). 
Anal. Calcd for C18H16CdI2N4: C, 33.10; H, 2.14; N, 8.58. Found: C, 33.08; H, 2.16; N, 8.55%. mp 200 °C.+ 
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3. RESULTS AND DISCUSSION 
3.1. IR Spectra. All compounds show a moderately sharp absorption in the 3090−3290 cm−1 range, which is 
attributed to the asymmetric stretching of coordinated NH2. The presence of medium intense broad bands in the 
3307−3405 cm−1 region is related to the coordinated H2O in complexes 2, 4, and 5. Also, bands at 2079 and 1100 
cm−1 are evidence of the existence of coordinated SCN− and NO3 − anions in 3 and 5, respectively.38 These 
findings are supported by the solid-state structures obtained from X-ray diffraction measurements. 
3.2. Description of the Crystal Structures. The crystallographic data for compounds 1−6 are shown in Table 
1, while selected bond lengths and bond angles are given in Table 2. Hydrogen bond geometries of the six 
compounds are shown in Table 3. 
3.2.1. [Mn(8-aq)2I2] (1). The X-ray crystal structure analysis reveals that the asymmetric unit of 1 contains one MnII 
ion, one 8-aq ligand, and one coordinated I− counteranion. As shown in Figure1A, the MnII ion is six coordinated and 
has a distorted octahedral coordination configuration composed of two amino and two aromatic N atoms from two 
different 8-aq ligands and two terminal iodide anions (the Mn−N distances range from 2.231 to 2.318 Å, and Mn−I 
distance is 2.9125 Å). In 1, two bidentate chelating 8-aq are almost perpendicular (N2i−Mn1− 
N1, 95.36(16)°) with the dihedral angle 46.63(6)° and disposed in a cis configuration. Moreover, two adjacent neutral 
complexes are linked via N1−H1A···I1 (N/I distance 3.822(5) Å) hydrogen bonds involving I− counterions and 8-aq 



fragments to generate an array with the ring having the graph-set notation R2 2(8); see Figure 2A. These dimeric 
units are further organized into an infinite one-dimensional chain through π−π stacking interactions (centroid-to-
centroid distances Cg1···Cg1 = 3.564 Å and Cg1···Cg2 = 3.552 Å running along the c axis (Figure 2B). Both 
hydrogen bond and π-stacking interactions lead to the formation of a onedimensional 
supramolecular architecture and play a substantial role in the stabilization of crystal lattice. The energetic features of 
the dimers and the π-stacking binding mode observed in the solid state are further analyzed below in the theoretical 
study. 
3.2.2. [Mn(8-aq)2(H2O)2](8-aq)3·Br2 (2).	  The molecular structure of 2 consists of one cationic complex [Mn(8- 
aq)2(H2O)2]2+, three neutral 8-aq moieties, and two Br− counterions. The MnII ion is located in the basal plane of an 
elongated octahedron and is coordinated by two 8-aq molecules that lie on the equatorial plane and chelate to the Mn 
metal center via two amino and two ring N atoms (The Mn−N distances 2.241(2), 2.244(3) Å), while the axial positions 
are occupied by two oxygen atoms from aqua ligands (Mn−O, 2.216(3) Å) (see Figure 1B).The Br− counteranions 
occupy the void space between mononuclear complexes and cocrystallized free 8-aq ligands, participating in four N−
H···Br hydrogenbonding interactions, two with the free 8-aq ligands and two 
with the mononuclear complexes (see Figure S1, Supporting Information). Moreover, the Br− anion also establishes 
an O− H···Br (O/Br distance 3.216(3) Å) hydrogen bond with the coordinated water molecule. The uncoordinated 8-aq 
ligand also interacts with the coordinated water molecule by means of a N−H···OW hydrogen bond. This hydrogen-
bonding network is responsible for the formation of the ab plane of the crystal structure of 2. In addition, coordinated 
and uncoordinated ligands participate in π−π stacking interactions: centroid-tocentroid distances (Å) 3.721 
(Cg1···Cg2), 3.639 (Cg3···Cg4), and 3.737 (Cg3···Cg5) (see Figure 3). 
3.2.3. [Mn(8-aq)2(SCN)2] (3). In complex 3, the asymmetric unit contains one Mn atom, two 8-aq molecules as 
bidentate chelating ligands, and two monodentate SCN− anions as 
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coligands (see Figure 1C). The distorted octahedral coordination sphere around the MnII ion is formed by six nitrogen 
atoms, four of them belonging to two different 8-aq molecules (Mn−N1, 2.2572(15) Å, Mn−N2, 2.2977(15) Å, Mn−N3, 
2.2557(15) Å, Mn−N4, 2.3062(15) Å) and the other two being supplied by two SCN− anions (Mn−N5, 2.1870(17) Å, 
Mn− N6, 2.1847(18) Å). The SCN− anions occupy cis positions with a N5−Mn−N6 of 86.85(6)° angle, while the two 8-
aq units are almost perpendicular to each other. This structural arrangement 
is stabilized by some intermolecular interactions such as N− H···S (N/S distances range from 3.3121(16) to 
3.5161(16) Å) and C−H···S (C/S distances 3.7489(19), 3.827(2) Å) hydrogen bonds involving the SCN− anions and 8-
aq moieties (Figure 4A) from neighboring molecular units that generate zigzag assemblies along the b axis. These 
zigzag strands are packed through π−π stacking interactions between 8-aq aromatic rings with a π−π distance of 
Cg1···Cg2 = 3.716 Å, to form an infinite 1D chain (Figure 4B). 
 
3.2.4. [Cu(8-aq)2Cl(H2O)]Cl·H2O (4).	  The asymmetric unit of 4 is composed of one cationic complex, [Cu(8-
aq)2Cl (H2O)]+, one Cl− anion, and one lattice water molecule (Figure 1D). In the cationic complex, each copper 
atom is located at the center of an elongated octahedron as a result of a pronounced Jahn− Teller effect. The 
equatorial plane around the CuII ion consists of two ring N atoms (Cu−N2, 2.020(4) Å and Cu−N4, 1.999(5) Å) and 
two amino N atoms (Cu−N1, 1.989(5) Å and Cu−N3, 2.000(5) Å) from two neutral 8-aq ligands that are coordinated in 
a “head-to-tail” fashion. The N1−Cu−N2 and N3−Cu−N4 angles are 84.00(2)° and 84.10(2)°, respectively, as a result 
of the “short bite” of the 8-aq ligands. The axial positions are occupied by the O atom of an aqua ligand (Cu− 
O1, 2.593(4) Å) and a Cl atom (Cu−Cl, 2.825(1) Å). The halogen atom interacts simultaneously with the metal cation 
and a neighboring NH2 group to form a N−H···Cl hydrogen bond. The driving force for the assembly of this crystal 
structure is the presence of extensive N−H···Cl and O−H···Cl (N/Cl and O/Cl distances 3.285(5), 3.233(4) Å) 
hydrogen bonding between the coordinated Cl, aqua and amino group of 8-aq that joins discrete cationic complexes 
to create infinite 1D chains along the crystallographic b axis. Two neighboring 1D chains connect to each other by π−
π stacking interactions (centroid-to-centroid distance is Cg1···Cg2 = 3.560 Å) through the 8-aq aromatic rings in an 
antiparallel fashion. Furthermore, the lattice water molecules and chloride ions are accommodated in the ab plane, 



forming hydrogen bonds with the 1D chains and with other lattice water molecules, generating a 2D supramolecular 
network (see Figure 5). 
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3.2.5. [Cu(8-aq)2(NO3)(H2O)]NO3 (5).	  As can be seen in Figure1E, the molecular structure of 5 shows some 
structural similarities with 4 and others described earlier (Table 4). As previously mentioned, each copper atom forms 
two fivemembered chelate rings with two 8-aq ligands inclined to one another by 9.36° and coordinated in the “head-
to-tail” fashion distances, 2.937(7), 2.946(7) Å) hydrogen bonds involving coordinated nitrate and 8-aq molecules 
parallel to the bc plane. In fact, the coordinated NO3 − anions connect adjacent infinite chains. Also, noncoordinated 
NO3 − anions are inserted in the interchain spaces and join to adjacent chains by the establishment of N−H···O (N/O 
distance 3.01(1) Å) hydrogen- bonding interactions. Additionally, π−π stacking interactions (centroid-to-centroid 
distance Cg1···Cg2 = 3.677 Å) are found, between neighboring 8-aq rings connecting the infinite 1D chains (shown in 
Figure 6). Hydrogen-bonding and π−π stacking interactions stabilize the crystal structure and give rise to a 2D 
layered supramolecular network. 
3.2.6. [Cd(8-aq)2 I2] (6). Complexes 1 and 6 are isostructural, and consequently, they exhibit similar structural 
features and self-assembled dimers in the solid state. Thus, complex 6 is described briefly. The asymmetric unit of 6 
is shown in Figure 1F together with the atomic numbering scheme. As previously mentioned in 1, two 8-aq units are 
coordinated to the metal center atom in a nearly perpendicular fashion, as indicated by the cis N2−Cd(1)−N2i angle of 
94.21(17)°, and the remaining sites are occupied by both I− counteranions forming a distorted octahedral 
coordination environment. Moreover, the neutral complexes are held together by means of N−H···I (N/I 
distance 3.826(4) Å) hydrogen-bonding interactions to create R2 2(8) rings along the c direction axis. The infinite 1D 
chains generated by the N−H···I hydrogen bonds are interconnected by π−π antiparallel stacking interactions 
(Cg1···Cg1 = 3.562 Å and Cg1···Cg2 = 3.580 Å) (see Figure 7). 
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(Cu−N1, 2.027(6) Å, Cu−N2, 1.998(6) Å, Cu−N3, 2.023(6) Å, Cu−N4, 2.002(3) Å). The Cu−N(1) and Cu−N(2) bond 
distances in 4 and 5 are similar to those found in other compounds.39,40 In this case, the Cl atom is replaced by a 
NO3 − anion (Cu−O3A, 2.616(4) Å) in the axial position, which forms the distorted octahedral environment around the 
Cu atom. The structural units can be further expanded into 2D layers by hydrogen-bonding interactions. Mononuclear 
complexes are linked together by means of N−H···O (N/O 
 
	  
3.3. CSD Search.	  There are 42 examples of transition-metal complexes of the 8-aq ligand in the Cambridge 
Structural Database (CSD), where most of them have Zn, Cd, Fe, Ni, Mn, and Co as metal centers. By comparison of 
the structures 1−6 reported herein and the crystal structures present in CSD search, the following considerations 
arise. First, as seen in Table 4, the average M−N bond lengths for 1−6 are close to the reported values for complexes 
of manganese, copper, and cadmium. In addition, M−N bond lengths (Namino and Nring belonging to 8-aq) for the 
Zn(II), Cd(II), Hg(II), Mn(II), and Fe(II) complexes are longer than those for the Co(II), Ni(II), and Cu(II) complexes. 
This difference in bond length may be caused by the electron configuration of the metal ion. Second, 
the structures reported herein illustrate that the accompanying anions play a vital role in the geometry and crystal 
packing of the M(8-aq)2 complexes. The quinoline system favors synergic back-bonding; therefore, its presence as a 
basal ligand would be energetically more favorable than as an apical ligand to favor the π-acceptor mechanism.31 
Consequently, in most 8-aq complexes found in the CSD (similar to 2, 4, and 5), the ligand lies in a basal plane and is 
almost coplanar with the metal center. However, in the presence of SCN− and I− anionic coligands, both 8-aq ligands 
are perpendicular to each other in the coordination environment around the Mn and Cd (compounds 1, 3, and 6). 
Among the reported structures with 8-aq, there are only four structures with a cis configuration and three of them 
contain SCN− as accompanying anion. Also, by examining the Cd/8-aq complexes with various counteranions 
such as Cl−, N3 −, I−, and SCN−, it is clear the important role of anion size on the X-ray structure. Complexes 
involving Cl− and N3 − anions are 1D coordination polymers, wherein these anions act as a bridging ligands, while 
SCN− and I− anions coordinate to CdII ions as a monodentate terminal ligands (see Table 4). In the compounds 
reported in this work, the accompanying anions also cause some differences in the self-organization of the crystal 
structures. The presence of diverse hydrogen bonds, such as N−H···I for 1 and 6, N−H··· Br and N−H···O for 2, N−
H···S for 3, N−H···Cl and O−H··· Cl for 4, and O−H···O and N−H···O for 5, leads to some differences in terms of 
space group, dimensionality, and crystal growth.  



3.4. Theoretical Studies of Noncovalent Interactions.	  The theoretical study is devoted to analyze several 
aspects of the geometric features and crystal packing characteristics of complexes 1−6. In particular, we have first 
analyzed the interaction energies of the H-bonding interactions that are possible due to the cis arrangement and 
provoke the generation of infinite 1D chains in the solid state. Second, we have studied the π-stacking interactions of 
the 8-aq ligands that are observed in the solid state of all compounds (see Figures 2−7). Finally, we have analyzed 
the coordination of some model Cu(8-aq)2X2 complexes to one or two water molecules and how this affects 
the stability of the complex. In Figure 8, we show the H-bonding assemblies observed in the solid state of 
compounds1, 3, and 6. The cis configuration allows the generation of infinite 1D columns as a consequence of high 
spatial complementary of the NH2 acceptor and I donor groups, that is, double N−H···I hydrogen bonds in the 
isostructural compounds 1 and 6 and bifurcated NH2···S2 hydrogen bonds in 3. We have computed the interaction 
energies of several dimers retrieved from the X-ray structures at the BP86-D3/def2-TZVP level of theory, and the 
results are included in Figure 8. The isostructural compounds present similar interaction energies and H-bond 
distances (ΔE1 = −18.2 kcal/mol and ΔE3 = −16.9 kcal/mol for 1 and 3, respectively). In compound 2, the interaction 
energy is larger in absolute value, likely due to higher electron donor ability of S. 
These large interaction energies are due to the strong acidity of the NH2 protons because of the coordination to the 
transition metal. We have further analyzed the complementarity in the self-assembled dimers and the acidity of the 
NH2 protons in compound 6 by computing the molecular electrostatic potential (MEP) surface (see Figure 9). It can 
be observed that the strongest positive electrostatic potential region (71 kcal/mol) corresponds to one of the hydrogen 
atoms of the NH2 group, which is the H atom that forms the H-bonding interaction. This very positive potential is a 
clear indication of the strong acidity of this H atom. The electrostatic potential at the other H atom is considerably 
lower (48 kcal/mol). In addition, the most negative electrostatic potential corresponds to the iodide 
ligands, and more precisely in the region of the iodine atom that is interacting with the N−H bond. Therefore, there is 
a strong complementarity in the self-assembly of these complexes, facilitating the formation of the 1D chain in the 
solid state. We have also analyzed the interaction energies of the stacking interactions that are common in all 
complexes reported herein (see Figures 2−6). They are gathered in Table 5 ranging from −17.0 to −11.1 kcal/mol. 
These very favorable interaction energies are related to the short distances and the large π-system provided by the 
8-aq ligand. It should be mentioned that, in compounds 4 and 5, the stacking interaction is established between two 
positively charged moieties, [Cu(8- aq)(Cl)(H2O]+ and [Cu(8-aq)(NO3)(H2O]+respectively, and consequently, a 
strong electrostatic repulsion is expected. As a matter of fact, if the outer sphere counterion is not considered in the 
calculations, the π−π stacking interaction is strongly repulsive (values in parentheses in Table 5). Finally, we have 
studied the substitution of coordinated halide ligands by water molecules in a Cu(8-aq)2X2 model complex (see 
Scheme 2). As described above, the Cu complexes 4 and 5 have a Cu-coordinated water molecule and one 
counterion (chloride or nitrate) that is not directly coordinated to the metal center. Using the reaction mechanism 
shown in Scheme 2, we have analyzed the reaction energies for a progressive substitution of halide ligands by water 
molecules to rationalize this experimental observation. Interestingly, it can be observed that the substitution of the 
first halide ligand (ΔE4) is strongly favored energetically for chloride and bromide and disfavored for iodide. In 
contrast, the second substitution is not favorable for any halide. These findings are in good agreement with the 
experimental results, since, in complexes 4 and 5, only one coordinated water molecule 
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4. CONCLUSION 
The synthesis and X-ray characterization of several metal complexes of 8-aminoquinoline are reported to analyze the 
effect of both the metal ion (manganese/8-aq, copper/8-aq, and cadmium/8-aq) and the counterion (I−, Br−, SCN−, 
Cl−, and NO3 −). The structural versatility of these M/8-aq systems is rather remarkable and reflects the variability in 
metal coordination sphere, orientation of the organic ligand, and the ability of inorganic anions to bind to the metal 
center. These results clearly reveal the significant role of the metal center and accompanying anions in the 
compositions of compounds 1−6. More importantly, in these systems, non-covalent interactions (hydrogen bonds and 
π−π stacking interactions) between the 8-aq and inorganic ligands have a prominent influence on assembling the 
low-dimensional entities into high-dimensional supramolecular networks. In the theoretical study, the analysis of the 
contributions of the different noncovalent interactions to molecular recognition has been carried out by assigning 
discrete energy values to them. This may help to develop energy scoring functions for crystal engineering and drug 
design. 
 

Scheme 2. 
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Scheme	  1.	  Synthetic	  Route	  to	  Compounds	  1−6	  Studied	  in	  This	  Work	  
	  
	  

	  
	  
	   	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Table	  1.	  Christallographic	  data	  for	  1-‐6	  

	  



	   	  



	  
Table	  2.	  	  Selected	  bond	  lenghths	  (A)	  and	  angles	  (deg)	  for	  1-‐6.	  
	  

	  
	   	  



Table	  3.	  Some	  of	  the	  Hydrogen-‐bonding	  Interactions	  present	  in	  1-‐6.	  
	  

	  
	   	  



Figure	  1.	  Molecular	  structure	  of	  compounds	  1-‐6	  with	  the	  atom	  numbering	  scheme.	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
Figure	  2.	  Crystal	  packing	  of	  compound	  1	  with	  indication	  of	  the	  hydrogen-‐bonding	  (A)	  and	  pi-‐pi	  stacking	  (B)	  
dimers.	  

	  
	   	  



Figure	  3.	  (A)	  crystal	  packaging	  of	  compound	  2.	  (B)	  Detail	  of	  the	  pi-‐pi	  stacking	  between	  coordinated	  and	  
uncoordinated	  ligands.	  Distances	  in	  A	  and	  angles	  in	  degrees.	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
Figure	  4.	  Crystal	  packaging	  of	  compound	  3	  with	  indication	  of	  the	  H-‐bonds	  (A)	  and	  the	  pi-‐stacking	  interactions	  
(B).	  Distances	  in	  A.	  

	  
	   	  



Figure	  5.	  Crystal	  packing	  of	  compound	  4	  with	  indication	  of	  pi-‐stacking	  (A)	  and	  H-‐bonding	  (C)	  dimers.	  
Distances	  in	  A.	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
Table	  4.	  Comparison	  of	  the	  Bond	  Distances	  (A)	  within	  some	  8-‐aq	  Complexes.	  
	  

	  
	   	  



Figure	  6.	  Crystal	  packing	  of	  compound	  5showing	  the	  H-‐bonds	  (A)	  and	  the	  pi-‐stacking	  interactions	  (B).	  
Distances	  in	  A.	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  7.	  Crystal	  packing	  of	  compound	  6	  showing	  the	  H-‐bonds	  (A)	  and	  the	  pi-‐stacking	  interactions	  (B).	  
Distances	  in	  A.	  
	  
	  

	  
	   	  



Figure	  8.	  Hydrogen-‐bonding	  infinite	  1D	  columns	  observed	  in	  the	  solid-‐state	  structures	  of	  1,	  3,	  and	  6.	  
Distances	  in	  A	  interaction	  energies	  of	  the	  dimers	  are	  also	  given.	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Table	  5.	  	  
	  

	  
	   	  



Figure	  9.	  MEP	  surface	  of	  complex	  6	  and	  the	  complementarity	  (highest	  positive	  potential	  region	  with	  the	  
highest	  negative	  potential	  energy	  regions,	  blue	  and	  red,	  respectively).	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Scheme	  2.	  Halide-‐water	  ligand	  substitution	  reactions.	  
	  

	  


