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Anion-π interactions in layered structures of salts of 5-(hydroxyimino)
quinolin-8-one and related salts
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Abstract. Relevance of anion-π interactions in chloride, bromide, nitrate and perchlorate salts of 5-
(hydroxyimino)quinolin-8-one are discussed. Structures of nitrate salt of 5-aminoquinoline as well as nitrate
salt of 4-hydroxyquinazoline are compared with the structure of nitrate salt of 5-(hydroxyimino)quinolin-
8-one. From such a comparison, two different arrangements of nitrate ions with respect to the respective
cations are discerned. Nitrate ions are sandwiched between aromatic planes of cations in nitrate salts of 5-
(hydroxyimino)quinolin-8-one or 4-hydroxyquinazoline; whereas, nitrate ions are in oblique positions with
respect to aromatic planes of counter cations in nitrate salt of 5-aminoquinoline. Binding constants of different
nitrate salts in solution are determined by UV-visible spectroscopic titrations. Solution study shows formation
of ion-pairs of these salts in solution.
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1. Introduction

Anion-π interactions present in different organic com-
pounds are well studied.1–15 For such interactions1 –12 to
be present in a packing pattern or in an isolated com-
pound, geometrically favourable orientations of anions
at appropriate distances with respect to π -clouds13–15

are essential. In general, different types of anions such
as symmetric spherical halide ions, symmetric and non-
planar polyatomic ions like ClO−

4 , SO2−
4 , SiX2−

6 , BX−
4 ,

PX−
6 (X = halogen), symmetric planar NO−

3 , N−
3 ions,

and unsymmetric planar SCN− ion, unsymmetric and
non-planar anions like HPO2−

4 , H2PO−
4 , HSO−

4 interact
with π -clouds of molecules.5 ,8–11 Anion-π interactions
commonly occur with suitable molecule through nest-
ing, perching or encapsulation of anions.16–23 Some of
the ways to hold anions at appropriate positions with
respect to π -clouds through anion-π interactions are
shown in figure 1(i)-(iii). Intermolecular Y-H···X inter-
actions to hold anions on top of a planar aromatic rings
(figure 1(i)) are extensively studied.24 ,25 Anion-π inter-
actions may also occur in tight packed structures such
as the one shown in figure 1 (ii and iii). Among these
two types of arrangements, packing as shown in (ii)
of figure 1 will minimize repulsions between similar
ions. Such arrangements of π -aromatic rings containing
organo-cations have not been explored. Another way of

∗For correspondence

arranging cations and anions to confer anion-π interac-
tions is through encapsulation of anions by cations as
shown in representation (iii) of figure 1. This arrange-
ment is observed in systems such as nitrate ions held
within aromatic hosts possessing cage-like structures.15

Nitrate ions generally show O···π interactions26 ,27 or get
sandwiched between aromatic rings.26–28 In this study,
structure and spectroscopic properties of salts 1–4
of 5-(hydroxyimino)quinolin-8-one (hqn) (figure 2)
and 5-aminoquinolinium nitrate (Hamq.NO3, 5), 4-
hydroxyquinazolinium nitrate (Hquin.NO3, 6) are
taken up to reveal the importance of anion-π interac-
tions in them.

2. Experimental

2.1 Synthesis and characterization

5-(hydroxyimino)quinolin-8-one was prepared by
reported procedure.29 ,30 Salts 1–4 were prepared
by adding hydrochloric, hydrobromic, nitric or per-
chloric acid (1 mL in each case) to solution of
5-(hydroxyimino)quinolin-8-one (0.173 g, 1mmol) in
dimethylformamide (15 mL). A homogeneous solution
in each case was formed. Each salt crystallized at room
temperature after about a week. Salt Hamq.NO3(5)
and Hquin.NO3(6) were prepared in a similar pro-
cedure to that of salt 1–4. In case of Hamq.NO3, 5-
aminoquinoline (0.144g, 1 mmol) and for Hquin.NO3,
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Figure 1. Some ways for anion-π interactions (i) through support of a host;
(ii) anion and cation placed at alternate positions; (iii) anions sandwiched by
cations.

4-hydroxyquinazoline (0.146g, 1 mmol) was used with
conc. nitric acid (1 mL) respectively.

2.1a Salt 1 (Hhqn.Cl): Yield ∼93%. IR (KBr,
cm−1): 3447 (s), 2919 (w), 2816 (w), 2746 (w), 1676
(m), 1659 (m), 1618 (m), 1582 (w), 1526 (w), 1326 (w),
1304 (w), 1276 (w), 1102 (w), 1080 (w), 991 (w), 822
(w), 803 (w), 667 (w).1H-NMR (DMSO-d6, 400MHz,
ppm ), 13.79 (s, 1H), 8.90 (q, J = 1.2 Hz, 1H), 8.65
(d, J = 8.4 Hz, 1H), 8.06 (q, J = 4.4 Hz, 1H), 7.82
(d, J = 10.4 Hz, 1H), 6.79 (d, J = 10.4 Hz, 1H), 3.15
(s,1H). ESI Mass found 175.1582 (m+H)/z; calculated
for cation C9H7N2O2 (m+/z) 175.1614.

2.1b Salt 2 (Hhqn.Br): Yield ∼90%. IR (KBr,
cm−1): 3437 (s), 2920 (w), 2825 (w), 1676 (m), 1638
(m), 1617 (m), 1582 (w), 1526 (w), 1324 (w), 1304
(w), 1276 (w), 1101 (w), 991 (w), 820 (w), 804 (w),
786 (w), 665 (w).1H-NMR (DMSO-d6, 400MHz, ppm):
13.75 (s, 1H), 8.94 (q, J = 1.6Hz, 1H), 8.79 (d, J =
8.4Hz, 1H), 8.09 (q, J = 4.8 Hz, 1H), 7.92 (d, J = 10.4
Hz, 1H), 6.84 (d, J = 10.4 Hz, 1H), 3.12 (s,1H). ESI
Mass found 175.1582 (m+/z); calculated for C9H7N2O2

cation (m+/z) 175.1614.

2.1c Salt 3 (Hhqn.NO3): Yield ∼86%. IR (KBr,
cm−1): 3445 (m), 3050 (m), 2923 (w), 2832 (m), 2772
(w), 1677(m), 1661 (m), 1617 (m), 1582 (w), 1526
(w), 1384 (s), 1356 (w), 1325 (w), 1304 (w), 1277 (w),
1101 (w), 1084 (w), 992 (m), 820 (w), 805(w), 785 (w),

665 (w).1H-NMR (DMSO-d6, 400MHz): 13.75 (s, 1H),
9.18 (q, J =1.6Hz, 1H), 9.03 (d, J = 8.4Hz, 1H), 8.51
(q, J = 4.4 Hz, 1H), 7.90 (d, J = 10.4, 1H), 7.21
(d, J = 10.4, 1H), 3.12 (s, 1H). 13C (DMSO-d6, 100
MHz, ppm) 181.4, 149.2, 144.3, 141.9, 134.1, 131.1,
130.7, 127.9, 126.1. ESI Mass found 175.1631 (m+/z);
calculated for C9H7N2O2 cation (m+/z) 175.1614.

2.1d Salt 4 (Hhqn.ClO4): Yield ∼84%. IR (KBr,
cm−1): 3447 (w), 3050 (m), 2921 (m), 2831(m), 2773
(w), 1678 (m), 1617 (m), 1582 (w), 1526 (w), 1423
(w), 1393 (w), 1355 (w), 1325 (w), 1304 (w), 1277 (m),
1142 (s), 1115 (s), 1102 (s), 1089 (s), 1046 (w), 991 (s),
820 (w), 805 (w), 785 (w), 665 (w), 648 (w), 636 (w),
626 (w).1H-NMR (DMSO-d6, 400MHz, ppm): 13.75
(s, 1H), 8.87 (q, J = 1.6 Hz, 1H), 8.62 (d, J = 8.4
Hz, 1H), 8.02 (q, J = 4.8 Hz, 1H), 7.78 (d, J = 10.4
Hz, 1H), 6.76 (d, J = 10.4 Hz, 1H), 3.12 (s, 1H). ESI
Mass found 175.1531 (m+/z); calculated for C9H7N2O2

cation (m+/z) 175.1614.
Caution: Perchlorate salts are thermally hazardous;

so they should be carefully dealt while heating.

2.1e Salt 5 (Hamq.NO3): Yield: ∼90%. IR (KBr,
cm−1): 3399 (bs), 3086 (bs), 2924 (bs), 1764 (w), 1638
(m), 1590 (s), 1383 (bs), 1223 (m), 1033 (w), 826 (s).
1H-NMR (DMSO-d6, 400MHz, ppm): 13.10 (s, 1H),
8.76 (m , 1H), 7.87 (m, 1H) 7.25 (m, 3H), 7.05 (m,
1H), 4.62 (bs, 2H). ESI Mass found 145.1718 (m+/z);
calculated for C9H7N2 cation (m+/z) 145.0766.
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Figure 2. Various salts of 5-(hydroxyimino)quinolin-8-one and quinoline derivatives.
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2.1f Salt 6 (Hquin.NO3): Yield: ∼96%. IR (KBr,
cm−1): 3431 (bs), 3016 (s), 2804 (bs), 1721 (s), 1652
(m), 1576 (w), 1384 (s), 1291 (w), 1227 (w), 824 9w),
773 (m). 1H-NMR (DMSO-d6, 400MHz. ppm): 12.2 (s,
2H), 8.16 (t , J = 8.4 Hz, 2H), 7.81 (t, J = 8 Hz, 1H),
7.67 (d, J = 8.2 Hz, 1H), 7.50 (t, J = 8Hz). ESI Mass
found 147.1655 (m+/z); calculated for C8H7N2O cation
(m+/z) 147.0558.

2.2 Structure determination

X-ray single crystal diffraction data were collected with
MoKα radiation (λ = 0.71073 Å) using a Bruker
Nonius SMART CCD diffractometer equipped with a
graphite monochromatic. SMART software was used
for data collection and also for indexing reflections and
determining unit cell parameters. Data were integrated
using SAINT software.31 Structures were solved by
direct methods and refined by full-matrix least-squares
calculations using SHELXTL software.31 All atoms
other than hydrogen atoms were refined in anisotropic
approximation against F 2 of all reflections. In case of

salt 4, one oxygen atom of perchlorate ion is disor-
dered and disorder is resolved by sharing its position in
two equivalent positions. Crystallographic parameters
are listed in table 1.

2.3 Binding constants

Benesi-Hildebrand equation32 was used to evaluate
binding constant of respective salt.

1/(A − A0) = 1/{K(Amax − A0)C} + 1/(Amax − A0)

A0 is absorbance of aromatic heterocyclic compound
at absorbance maximum, A is observed absorbance
at a concentration C of the anion, Amax is maximum
absorbance value, K is binding constant (M−1).

2.4 DFT calculation

Ground state geometries of chloride (1) and nitrate salt
(3) were optimized using GaussView 4.1 with B3LYP
functional.

Table 1. Crystallographic parameters of 1–6

Salt No. 1 2 3 4 5 6

Formula C9H7N2O2Cl C9H7N2O2Br C9H7N3O5 C18H14N4OCl2 C9H9N3O3 C8H7N3O4
Mol. wt. 210.62 255.08 237.18 565.23 207.19 209.17
CCDC No 914800 914799 914801 914803 944122 944121
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group P21/m P21/m P21/c C2/c P21/c P21/c
Temperature (K) 296 (2) 296 (2) 296 (2) 296 (2) 296 (2) 296 (2)
Wavelength (Å) 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
a (Å) 7.7196(4) 7.7467(8) 10.1679(3) 14.2720(9) 9.0298(8) 5.2491(4)
b (Å) 6.5230(3) 6.7200(9) 6.8254(2) 7.3529(3) 4.9832(7) 10.7683(7)
c (Å) 9.1079(5) 9.2752(10) 14.2890(5) 21.2213(12) 20.8468(19) 16.3714(18)
α (◦) 90.00 90.00 90.00 90.00 90.00 90.00
β (◦) 96.577(3) 94.889(8) 95.034(2) 96.845(4) 93.080(9) 95.572(9)
γ (◦) 90.00 90.00 90.00 90.00 90.00 90.00
V (Å3) 455.61(4) 481.09(10) 987.83(5) 2211.1(2) 936.70(17) 921.01(14)
Z 2 2 4 4 4 4
Density/gcm−3 1.535 1.761 1.595 1.698 1.469 1.508
Abs. Coeff. /mm−1 0.391 4.245 0.133 0.375 0.113 0.124
Abs. correction None multi-scan None multi-scan None None
F(000) 216 252 488 1152 432 432
Total No. of reflections 890 894 1785 1996 1673 1664
Reflections, I > 2σ (I) 784 704 1592 1816 939 1145
Max. 2θ (◦) 50.46 49.46 50.48 50.50 50.48 50.48

−8 ≤ h ≤ 9 −9 ≤ h ≤ 9 −12 ≤ h ≤ 12 −17 ≤ h≤17 −10 ≤ h ≤ 6 −6 ≤ h ≤ 6
Ranges (h, k, l) −7 ≤ k ≤ 7 −7 ≤ k ≤ 7 −8 ≤ k ≤ 8 −8 ≤ k ≤ 8 −3 ≤ k ≤ 5 −12 ≤ k ≤ 12

−10 ≤ l ≤10 −10 ≤ l ≤10 −17 ≤ l ≤ 17 −24 ≤ l ≤ 25 −21 ≤ l ≤ 25 −19 ≤ l ≤ 12
Completeness 2θ (%) 0.994 0.999 1.000 0.996 0.991 0.998
Data/restraint/pararmeter 890/0/85 894/0/85 1785/0/155 1996/0/182 1673/0/172 1664/0/140
Gof 1.023 1.039 1.065 1.046 1.140 0.917
R indices [I > 2σ (I)] 0. 0380 0.0552 0.0426 0.0870 0.0508 0.0420
R indices (all data) 0. 0415 0.0708 0.0466 0.0919 0.1027 0.0667
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3. Results and Discussion

3.1 Structure of salts 1–6

Salts 1–6 shown in figure 2 are characterized by 1H-
NMR, IR, mass spectra and by determining their single
crystal structures by X-ray diffraction. Each salt shows
ESI-mass for the corresponding cationic part. Chloride
salt Hhqn.Cl (1) and bromide salt Hhqn.Br (2) are
isostructural. Structure of chloride salt is shown in
figure 3a, whereas structure of bromide salt is shown in
figure S3. In these two salts, halide-ions are sandwiched
between two planar aromatic rings of the cations. Dis-
tance between anion and centroid of π–cloud of cation
of the chloride salt 1 is 3.374 Å; whereas such distance
in bromide salt is 3.465 Å. These distances are within
permissible distances for chloride-π interactions.20 –27

Theses salts form self-assemblies through hydrogen
bonds to form layered structure (figure 3b). Pertinent
hydrogen bond parameters are listed in table 2. It may
be noted that anion-π interactions are primarily ion-
quadrupole interactions and covalent contribution may
be absent. DFT calculation has shown that highest occu-
pied molecular orbital (HOMO) shows absence of over-
lap between chloride and cation (figure S12). Low-
est unoccupied molecular orbital (LUMO) shows pos-
sibility of an overlap region. Thus, covalent contribu-
tions for anion-π interactions at ground state had less
significance in this salt.

In the crystal lattice of Hhqn.NO3 (3), nitrate ions
are hydrogen bonded to four neighbouring Hhqn+

cations (figure 4a). A view along b-crystallographic
axis shows wave-like layers of ions. Nitrate ions are
sandwiched between cations. Two oxygen atoms O4
and O5 of a nitrate ion are involved in two bifurcated
hydrogen bonds formed by N1-H· · · O4, N1-H· · · O5
and C1-H· · · O4, N1-H· · · O4 interactions. C3-H bonds

of cations interact with O5 atoms of nitrates. There
are weak C-H· · · O interactions between cations. O3
atom of nitrate anion is hydrogen bonded to an O-
H group of oxime. Crystallographic a-direction of the
lattice is related by a 21-screw axis (figure 4b). Posi-
tions of nitrate ions are oblique with respect to cations,
they appear in different planes from cations and dis-
tance between centroid of anion and cation is 3.099
Å. There exist examples of nitrate ion held within
concave aromatic host showing anion-π interaction.26

There are also examples of nitrate ions possessing
O· · · π interactions with π -cloud of host.27 Nitrate
ion placed over naphthalenediimide ring shows weak
π -anion interaction.28 ,33 Pyridine tethered macrocycle
shows anion-π interaction with nitrate ion.28 In salt 3
the distance between nitrate and cation is 3.099 Å which
is favourable to have anion-π interactions.8 –12 This dis-
tance of anion-π is shorter than conventional cases,28

which is attributed to electrostatic interactions present
among the ions playing a primary role in the tight pack-
ing. As in the case of chloride salt, DFT calculation
shows that symmetry of highest occupied molecular
orbital (HOMO) are not suitable for overlap between
anion and cations (figure S13).

Perchlorate salt Hhqn.ClO4(4) has a layer-like
structure and ions interact through hydrogen bonds
(figure 5a). Perchlorate ions are held on top of π -cloud
of cations. One oxygen atom of perchlorate ion is dis-
ordered. This atom is shown to have equal sharing
of electron densities among two equivalent positions
(figure 5b). Distance between oxygen atom and cen-
troid of π -cloud on cation is 3.253Å, and it suggests a
separation conducive for anion-π interactions.

To compare orientations of nitrate group in pack-
ing patterns of different salts of fused aromatic het-
erocyclic molecules, structures of nitrate salts of 5-
aminoquinoline (Hamq.NO3, 5), 4-hydroxyquinazoline

Figure 3. (a) Interactions of chloride with four cations in salt 1; (b) Layered structure of 1 showing
hydrogen bonds and anion-π interactions.
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Table 2. Hydrogen bond parameters of salt 1 and 2.

D-H···A dD−H(Å) dH····A(Å) dD····A(Å) ∠ D-H· · · A(◦)

Salt 1
N1-H···Cl1 [1-x,-1/2+y,1-z] 0.86(3) 2.27(3) 3.078(2) 157(3)
O2-H···Cl1 [2-x,-1/2+y,1-z] 0.82(5) 2.19(2) 3.007(2) 159(2)
Salt 2
N1-H···Br1 [1-x,-1/2+y,1-z] 0.86(3) 2.43(2) 3.242(6) 157(10)
O2-H···Br1 [-x,-1/2+y,-z] 0.82(4) 2.35(3) 3.377(9) 143(7)

(Hquin.NO3,6) and 8-hydroxyquinoline (Hhq.NO3, 7)
are analyzed. For this purpose structure of 5 and 6
are determined; whereas structure of Hhq.NO3 was
reported earlier.33

In the crystal lattice 5-aminoquinolinium nitrate
(5) each nitrate ion surrounded by three 5-
aminoquinolinium cations as shown in figure 6a. There
are several bifurcated hydrogen bonds involved in
holding nitrate anion by cations. C1-H bond of a 5-
aminoquinolinium cation forms bifurcated hydrogen
bond with two oxygen atoms of nitro group. There
are two other C-H···O interactions namely C8-H···O3
and C3-H···O1 to hold the cations and anions. N1-H
bond acts as a pivot for bifurcated hydrogen bonds,
N1-H···O2 and N1-H···O3 bonds, whereas one of
hydrogen atom of N2-H is involved in two hydrogen
bonds namely N2-H···O1 and N2-H···O3. Hydrogen
bond parameters are listed in table 3. Nitrate anions
are slightly oblique from plane of aromatic rings of
the cations, with O to π -centroid distance 3.252 Å in
5, which shows a possibility to have anion-π inter-
actions (figure 6c). 4-Hydroxyquinazolinium nitrate
(6), nitrate ions in lattice are surrounded by three 4-
hydroxyquinazolinium cations. There are two R2

2(7)
type of hydrogen bond interactions shown in figure 6b.
On the other hand, there is a C3-H···O3 interaction
between the nitrate ion and cation. These interactions

generate layer-like structure where nitrate ions occupy
places parallel to cations. As a result π -stacking
interactions between cations and anions take place.
Distance between parallel pair of cation and anion is
3.322 Å (figure 6d). Stacking interactions present in 6
are similar to salt 3. The structure of hqn has a layer
structure34 and we find that salt 5 has planar arrange-
ment of anions and cations forming layers which do
not show π -stacking interactions.

3.2 1HNMR of salts 1–4

These salts exist as ion-pairs in solution, due to which
their 1H-NMR spectra show different chemical shifts
for the ring protons. In solution, each salt shows 1H-
NMR peak due to O-H assigned as f (figure 7) which is
assigned on the basis of its presence in the parent com-
pound. This hydrogen peak disappears on deuterium
exchange. 13C-NMR of the nitrate salt shows a peak at
181.4 ppm which is assigned to carbonyl carbon show-
ing the compound remains in keto form. Chemical shift
of ring protons differ from case to case and thus sug-
gests a role of anion on chemical shifts. This implies
diamagnetic contribution of anion to π–cloud of cation
varies with counter anion suggesting interactions bet-
ween the counter ions.

Figure 4. (a) Hydrogen bonds in layered structure of Hhqn.NO3 (3). Some pertinent hydrogen bond
parameters are O2-H···O3 [1-x,1-y,1-z], dD····A = 2.663(19) Å, ∠D-H· · · A = 156(3)◦, N1-H···O4 [-
x,-1/2+y,1/2-z], dD····A = 2.966(2)Å, ∠ D-H· · · A = 128(2)◦, N1-H···O(5) [-x,-1/2+y,1/2-z], dD····A =
2.977(2)Å,∠ D-H· · · A 154◦, C7-H···O3[1-x,-1/2+y,1/2-z],dD····A = 3.229(2)Å,∠D-H· · · A = 128(6)◦, C1-
H···O4 [-x,-1/2+y,1/2-z] 3.087(2)Å, ∠D-H· · · A = 114(5)◦, C2-H···O5 [-x,1-y, 1-z], dD····A = 3.351(2) Å, ∠
D-H· · · A = 165(2)◦.
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Figure 5. (a) Packing pattern of Hhqn.ClO4 (4). Some relevant hydrogen
bond parameters of 4 are N1-H···O6 [1/2-x, 1/2+y, 1/2-z], dD····A = 2.831(12)
Å; ∠D-H· · · A = 161(3)◦; C7-H···O3, dD····A = 3.361 Å, ∠D-H· · · A = 128◦.
O2-H2···O4 [1/2-x, 1/2-y, -z], dD····A = 2.836(10) Å; ∠D-H· · · A = 129(5)◦.
(b) Hydrogen bonds between perchlorate ions with cations.

3.3 Visible spectra and fluorescence emission of salts

Compound hqn has a visible absorption at 277 nm
and 432 nm due to π -π* and n-π* transitions respec-
tively. On protonation of hqn by an acid, intensity
of latter absorption decreases. The intensity of peak
at 277 nm increases on addition of nitric acid, sim-
ilarly addition of nitric acid increases intensity of
peaks of 8-hydroxyquinoline 5-aminoquinoline or 4-
hydroxyquinazoline at 214 nm (figures S6–S11). From
the changes in absorbance by acids, binding constants

for salt 3, 5, 6 and 7 were determined by using Benesi
Hildebrand equation,32 which are 2.44 × 102 M−1, 4.18
× 103 M−1, 3.73 × 103 M−1 and 5.42 × 103 M−1

respectively. Magnitudes follow order 7 > 5 > 6 >> 3.
Salts 5–7 have structural similarities, hence differences
between their binding constants are nominal. This also
suggests that magnitudes of anion-π interactions in
these salts in solution are small in magnitude. In solid
state, salt 7 does not show anion-π interactions, yet
it shows highest binding constants among three struc-
turally related salts. Binding constant of salt 5 is higher

Figure 6. Hydrogen bonded assemblies of (a) 5-aminoquinolinium nitrate (5) and (b) 4-hydroxyquinazolinium nitrate
(6) salts. Anion-π interactions in nitrate salts (c) 5 and (d) 6.
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Table 3. Hydrogen bond parameters of 5–6.

D-H···A dD−H(Å) dH····A(Å) dD····A(Å) ∠ D-H· · · A(◦)

Salt 5
N1-H···O2 [−1+x,1+y,z] 0.97(3) 1.79(3) 2.726(3) 162(3)
N2-H···O1[−1/2+x,1/2+y,z] 0.87(3) 2.27(3) 3.129(4) 168(3)
C1-H···O1 [1-x,2-y,-z] 1.07(3) 2.54(3) 3.249(4) 122.6(19)
C1-H···O2 [1-x,2-y,-z] 1.07(3) 2.23(3) 3.287(4) 167(2)
C8-H···O3[1+x,y,z] 0.98(4) 2.59(5) 3.394(5) 138(2)
C3-H···O1[−1+x,y,z] 0.94(7) 2.47(2) 3.212(5) 134(3)
Salt 6
N1-H ···O2 [−1+x,y,z] 0.86(8) 1.94(6) 2.789(3) 168(11)
N2-H ···O4 [x,1/2+y,1/2-z] 0.96(2) 1.85(2) 2.804(3) 178(2)
C1-H···O4 [−1+x,y,z] 0.93(4) 2.37(6) 3.115(3) 136(2)
C1-H···O3 [-x,1/2+y,1/2-z] 0.93(5) 2.38(9) 2.999(3) 124(3)
C3-H···O3 [−1+x,1+y,z] 0.93(3) 2.39(5) 3.225(3) 149(9)

Figure 7. 1H-NMR spectra (400MHz, DMSO-d6) of
(i) Hhqn.Cl (1), (ii) Hhqn.Br, (iii) Hhqn.NO3, (iv)
Hhqn.ClO4(4) (only peaks in the range of 6–13.8 ppm are
shown for clarity).

than salt 6. Hence, anion-π interactions could be a
cause to make a difference in visible spectra.

Solid sample of hqn as well as salts1–4 shows flu-
orescence emission different intensities at 504 nm on
excitation at 350 nm. Relative fluorescence emission
intensities of salts and parent compound is, nitrate
≈ perchlorate > bromide > 5-(hydroxyimino)quinolin-
8-one > chloride. Thus, there is a definite interaction
of anion with hqn to cause such changes in emission
property.

4. Conclusions

It is found that anions are suitably placed to inter-
act with the π -cloud of cations in layered structures
of quinolinium salts 1–7. Sandwiching of nitrate ions

between cations in salts 4 and 6 are observed, whereas
nitrates ions occupy oblique with respect to cation in
salt 5. These salts remain as strong ion pairs in solu-
tion. They have suitable distances to interact through
anion-π interactions through dispersive forces.

Supplementary Information

Solid state fluorescence spectra of salts 1–4, spec-
troscopic titrations for determination of binding con-
stants, table for hydrogen bond parameters of salt 2
are given as Supplementary Information. CIF files are
available which have CCDC numbers 914799-914801,
914803 and 944121-944122. Supplementary Informa-
tion is available at ias.ac.in/chemsci.
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