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Abstract. Self-assembled supramolecular cocrystals of 18-crown-6. pyridine-3-ylmethanamine have
been synthesized from 18-crown-6 (18C6) and pyridine-3-ylmethanamine (stoichiometric ratio 1:2). The
single-crystal X-ray analysis revealed the crystal structure, indicating a monoclinic system with the
centrosymmetric space group Pn. The assembly of the supramolecular structure primarily relies on N-HeeeO
and O-Hee+O interactions. Characteristic functional groups were identified using FT-IR and micro-Raman
spectral analyses. Additionally, the diffuse reflectance spectrum estimated a direct bandgap energy of 2.84 eV.
The cocrystal exhibited fluorescent emission in the solid state at room temperature as observed in
photoluminescence studies. Analysis utilizing Hirshfeld surface and fingerprint plots unveiled close contacts
resulting from robust interactions in the crystal packing. The third-order nonlinear optical properties of the
crystal grown were determined using a single-beam Z-scan technique.

Keywords.pyridin-3-ylmethanamine;1,4,7,10,13,16 hexaoxacyclooctadecane ; 1,4, 7,10,1 3,16-
hexaoxacyclooctadecane, pyridin-3-ylmethanaminium salt; hydrogen bond; crystal data; FT-IR spectroscopy.

Introduction.Crown ethers are pivotal in asymmetric unit consists of half 18C6, electron
supramolecular and coordination chemistry due to density peak is found near heavy atom iodine.
their ability to form host-guest complexes with Crystal is a layered type that cannot be separated.
unique  structures and  diverse = bonding This caused bad data quality and high wR»
interactions[1-3]. Ammonium-crown ether-based value.Most of the amine/ammonium (R-NH,, R-
organic-inorganic assemblies have been extensively NH3", etc.) containing crown ether complexes form
studied [4-5], where the stability of these complexes N—HeeeO/N-He¢**O type of hydrogen bonds [15—
depends on the crown ether size and the nature of 17]. In the present study, the hydrogen bonds are
the protonated ammonium cation (e.g., NH4", only OW—He++O18C6 because of the inclusion of
RNH;). A key structural feature is the water molecules in the crown ether cavity. There is
encapsulation of the -NH;3" group within the crown no contact between the -NH, group and oxygen
ether cavity [6-7]. Supramolecular networks arise atoms in 18C6 because -NH; groups form the
from weak intermolecular interactions, including intramolecular hydrogen bonds.

hydrogen bonds, charge transfer, and van der Waals
forces[8]. These materials find applications in data
storage, capacitors, sensors, and optical devices [9-
11]. Third-order nonlinear optical properties of the
crystal ere examined by the Z-scan technique.
Hirshfeld surface analysis was used to quantify
intra- and intermolecular interactions[12 ].

Experimental. Single crystal X-ray structure
analysis. The crystal structure was elucidated by
single-crystal XRD analysis. Crystallographic data
and details of the refinement parameters are listed
in Table-1. Information of plane spacing for

monoclinic structure crystal systems. Fig-1. (a) ORTEP drawing of the intermolecular
1 1 ) h_z n k? sin”p n E _ 2hlcosf H-bonds and (b) Nonlinear optical (NLO)
d?  sin2f ‘a2 b2 c2 aw ) materials. 1,4,7,10,13,16-
The selected hydrogen bonds, bond distances and hexaoxacyclooctadecane, pyridin-3-
bond angles are listed in Tables 2-4. The ORTEP ylmethanaminium salt.
and packing diagram of 18C6°2(P3MA)*2(H,0) are molecule. Thermal ellipsoids are drawn
given in Fig-1. It crystallizes in the monoclinic with the 50% probability level.

system with centric space group Pn with Z =2. The
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Table -1

Crystal data and structure refinement for [(P3MA),"-2(18C6)]-2H-O.

Identification code

exp 393 CBO0S auto

Empirical formula

C36HesIoN4O 14

Formula weight 1034.74
Temperature/K 107(5)
Crystal system Monoclinic
Space group Pn
a/A 12.70250(10)
b/A 9.45940(10)
c/A 19.25390(10)
a/° 90
pB/° 92.3510(10)
y/° 90
Volume/A3 2311.56(3)
Z 2
Pealeg/cm’ 1.487
wmm'! 11.216
F(000) 1060.0
Crystal size/mm’ 0.14 x 0.12 x 0.11
Radiation Cu Ka (A =1.54184)

20 range for data collection/®

4.594 to 143.192

Index ranges

-15<h<15,-11<k<11,-23<1<23

Reflections collected 45306
Independent reflections 8957 [Rinc = 0.0551, Rigma = 0.0348]
Data/restraints/parameters 8957/2/520
Goodness-of-fit on F? 1.040

Final R indexes [[>=2¢ (I)]

R1 =0.0299, wR> = 0.0788

Final R indexes [all data]

R1=0.0299, wR> = 0.0788

Largest diff. peak/hole / e A~ 1.36/-1.55
Flack parameter 0.000
Table-2
Hydrogen bonds for [(P3MA),"-2(18C6)]-2H:0. (A%; R = 0.03.
D-HeeeA d(D-H) | d(H*+A) |<DHA | d(D*A) | Symmetry
0(008) — H(00Y) +=sN(00M) 0.8700 20200 | 2.866(6) | 164.00
N(00D) — H(00S) ==+ O(003) 0.9100 25100 | 2.994(5) | 114.00
N(00D) — H(00S)+++ O(007) 0.9100 2.0000 | 2.817(5) | 149.00
N(00D) — H(00S)+*+ O(00K) 0.9100 26000 | 2.918(5) | 101.00
N(00D) — H(00T) +++0(004) 0.9100 19900 | 2.876(6) | 165.00
N(00D) —H(00T) +=O(00E) 0.9100 24100 | 2.934(5) | 117.00
N(00D)— H(00W)*=0(00G) | 0.9100 19900 | 2.892(5) | 174.00
N(00D) — H(00W)e+= O(00K) 0.9100 25000 | 2.918(5) | 109.00
N(0OF) — H(00K) *++0(006) 0.9100 24900 | 2.959(5) | 113.00
N(0OF) —H(00K)+++ O(00C) 0.9100 19500 | 2.849(5) | 169.00
N(0OF) — H(0OL )= O(009) 0.9100 25500 | 2.898(5) | 103.00
N(00F)—H(00L)==O(001) 0.9100 2.0000 | 2.906(5) | 177.00
N(0OF)—H(00M) *++0(005) 0.9100 20100 | 2.828(5) | 149.00
N(OOF)—H(00M) «*= O(009) 0.9100 2.4900 2.898(5) 107.00
N(00F)—H(00M)++=O(00A) 0.9100 25800 | 3.012(5) | 109.00
O(00N)— H(G) +=sN(00B) 0.87(8) | 2.118) | 2.914(6) | 154(8) | 1/2+x,1-y,1/2+z

Hirshfeld surface analysis. Description of the
Hirshfeld surface analysis is quite detailed and
informative. To summarize, Hirshfeld surface
analysis is a powerful tool used in crystallography
to visualize and analyze intermolecular interactions
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within a molecular structure. The coloring scheme
(red, white, and blue) provides a clear
representation of the electron density distribution
and the nature of intermolecular contacts [13].
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The creation of these surfaces involves
partitioning the space enclosed by the crystal using
the Hirshfeld ratio, where the procrystal is
effectively delineated by employing a promolecule
characterized by an electron density of 0.5[13-14].
The Hirshfeld surface is defined as the region in
space where the ratio of the molecule's electron
density (Ppo;) to the total electron density
Ptotal = Pmot T Penv €quals 0.5

pmol(r) _
pmol(r) * Penv (T)

Fingerprint plots are graphical representations
of the intermolecular interactions in the crystal.
Fingerprint plots provide a quantitative measure of
the distribution of intermolecular contacts.Peaks in
the fingerprint plot correspond to specific types of
interactions.Hydrogen bonds-appear as sharp spikes
at small de values (external distances).Van der
Waals contacts-appear as broader peaks[15-16].

m-1 stacking-often manifests as regions with
intermediate di and de values.

They show the distribution of distances
between pairs of points on the Hirshfeld surface and
their nearest neighbors. The probability distribution
of these distances is often expressed as:

1

Pd) =% > 8

points on surface ]
_ dg)omt)é\(de _ dgomt)

d; and d,-distances to the nearest nuclei
inside and outside the molecule, respectively.

N-total number of points on the Hirshfeld
surface; 6-dirac delta function.

The normalized contact distance, referred to as
dyuorm, 1s calculated by considering perspectives from
both the exterior and interior of the surface, as
outlined below:

0.5

vdW vdW
di -1 de —Te

dnorm = rivdW T.evdW
d; -distance from a point on the Hirshfeld
surface to the nearest nucleus inside the

molecule.d.-distance from a point on the Hirshfeld
surface to the nearest nucleus outside the molecule
(in the environment).

r7®W _ Van der Waals radius of the atom inside
the molecule.

22 _Van der Waals radius of the atom in the
environment.

Quantitative analysis of the Hirshfeld surface
revealed that the total volume was 599.64 A3 and the
surface area was 470.26 A% Generally, larger
volume and surface area indicate more extensive
intermolecular bonding and interactions within
crystal structure. The crystal structure was analyzed
using Hirshfeld surface analysis. The normalized
contact distance d, ., ranged from -0.1281 to
1.4477 a.u.

Overall, the Hirshfeld surface analysis supplied
useful perception into the intermolecular
interactions and packing within the crystal structure
of (NLO), highlighting the distribution of electron
density and the nature of the non-covalent bonding
interactions.

The 2D fingerprints of the Hirshfeld surface
are shown in Fig-1. Analysis of these fingerprint
plots revealed the presence of interactions between
nine different homo- and heteroatomic contacts
within and between the molecules that contribute to
the overall crystal packing. The most prominent
intermolecular interactions were HeeeH contacts,
which accounted for 57.8% of the Hirshfeld surface.
This indicates a significant role of hydrogen
bonding in stabilizing the crystal structura.
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Fig-1. Hirschfeld surface fingerprint representation, contribution of interactions to surface formation
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The second largest contributor was Heeel/IsesH Cee+O/Oe++C contacts (1.5%). These reflect the
contacts, making up 16.4% of the surface. These various van der Waals and dipole-dipole
close hydrogen-hydrogen interactions also play an interactions present in the crystal.Hirshfeld surface,
important role in the intermolecular packing. Other demonstrating the diversity of intermolecular
notable contributions include He**O/O<+*H contacts interactions stabilizing the crystal structure of

(15.6%), CeeeH/Hes++C contacts (7.5%), and compound (NLO).
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