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Abstract: A new Schiff base compound of 6,6'-(1E,1'Z)-(1,2-phenylenebis(azan-1-yl-1-ylidene))bis(methan-1-yl-1-
ylidene)bis(2,4-diiodophenol) (PMDP) has been synthesized and good optical quality single crystals of PMDP were grown by
slow solvent evaporation solution growth technique at room temperature. Synthesized compound was characterized by various
analytical and spectral techniques. The crystal structure of PMDP has been determined by single crystal XRD analysis and it
belongs to monoclinic crystal system with space group P21/n. The absorption and emission spectrum was recorded in the range
of 200-800nm, to find the suitability of the single crystal for various optical applications. The thermal stability of the crystal was
investigated from thermo gravimetric (TG) and differential thermal analysis (DTA). The structure of the synthesized PMDP was
optimized using density functional theory (DFT). The molecular geometry, the highest occupied molecular orbital (HOMO), the
lowest unoccupied molecular orbital (LUMO) energies and Mulliken atomic charges and molecular electrostatic potential
(MEP) of the molecules are determined at the B3LYP method and standard 6-311++G (d, p) basis set starting from optimized
geometry.
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I. INTRODUCTION
Covalent organic-frameworks (COFs) are the prominent group of porous and ordered materials produced by condensation reactions
of organic molecules. The Schiff-base chemistry or dynamic imine chemistry has been widely employed for the synthesis of COFs
at a recent time. The main reason for this new tendency is based on their high chemical stability, porosity and crystallinity [1].
Schiff bases are the compounds carrying imine or azomethine (-C=N-) functional group. These are the condensation products of
primary amines with carbonyl compounds and were first reported by Hugo Schiff [2, 3]. Schiff bases have a diversity of
applications in numerous fields including biological, analytical and inorganic chemistry. They are also used as intermediates in
organic synthesis, catalysts, dyes, pigments, corrosion inhibitors and polymer stabilizers [4]. Schiff bases have gained importance in
pharmaceutical and medicinal fields due to a wide-range of biological activities like anti-inflammatory [5], antibacterial,
photoinduced DNA cleaving agents [6], antifungal, anticancer and herbicidal [7,8] activities. o-phenylenediamine and its derivatives
have been widely used in coordinate, medical, biological chemistry, spectroscopic and catalytic activities. Organic crystals have
attracted a lot of attention because of their potential applications in electro-optic modulation. The conjugated electron systems in
compounds with donor—acceptor benzene derivatives display extremely large second order optical nonlinearities. The conformation
of molecules has been influenced by the properties of substituent at the aromatic rings in a great extent [9-11]. Most of such crystals
are composed of aromatic molecules that are substituted with r-electron donors and acceptors which exhibit intramolecular charge
transfer. Also, the Schiff base is of special interest in literature which shows thermo chromic and photochromic properties [12, 13].
In this work, we report on the investigation of the synthesis, crystal structure, characterization, stability and DFT calculation of the
title compound in detail.

Il. EXPERIMENTAL
A. Materials
o-phenylenediamine and 3,5-diiodosalicylaldehyde were purchased from Sigma—Aldrich and were used as received. All the reagents
used were chemically pure and of analytical grade. Reagent grade organic solvents were purified and dried by standard procedures
[14] and degassed before use.
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B. Instrumentation

He crystal structure of the compound PMDP was determined from the single crystal X-ray diffraction data obtained with an Oxford
Xcalibur, Gemini diffractometer equipped with EOS CCD detector at 298 K. Monochromatic MoK o radiations (0.71073 A) were
used for the measurements. X-ray diffraction data were collected at room temperature. The unit cell parameters were determined. A
solution was obtained readily using SHELXTL (XS) [15]. Hydrogen atoms were placed in idealized positions and were set riding on
the respective parent atoms. All non-hydrogen atoms were refined with anisotropic thermal parameters. Absence of additional
symmetry and voids were confirmed using PLATON [16]. The structure was refined (weighted least squares refinement on F?) to
convergence [15]. Elemental analysis was done using a Perkin-Elmer elemental analyzer. IR spectrum was obtained from a JASCO
FT/IR-410 spectrometer in the range 4000-400 cm™ using KBr pellets. The electronic spectra were registered on a Perkin Elmer
Lambda-25 UV-Vis spectrometer. Emission measurements were done with JASCO FP-8500 spectrofluoro meter. *H NMR spectra
was recorded on a Bruker AV 111 400 MHz instrument using TMS as an internal reference. Electron ionization mass spectrum of the
PMDP was recorded on a JEOL GCMATEII mass spectrometer. Thermal properties of PMDP were studied by thermo gravimetric
analysis (TGA) which were carried out between 25° C and 800° C in nitrogen atmosphere at a heating rate of 10° C min™ using
NETZSCH STA 409 C/CD TGA instrument.

C. Synthesis and crystal growth

The Schiff base compound PMDP was prepared by the condensation of o-phenylenediamine with 3,5-diiodosalicylaldehyde in 1:2
molar ratio in methanol (40 ml). The reaction mixture was heated under reflux for 6h and then concentrated to half of the initial
volume. Red solid was formed, on adding excess of anhydrous ether. The product was washed and dried at room temperature. The
purity of the schiff base compound was checked by TLC (Scheme 1). Single crystals of PMDP have been grown from the saturated
methanolic solution and recrystallized by slow solvent evaporation solution growth technique. Good optical quality red color single
crystals have been harvested at the end of 5™ day. The phtograph of the grown crystals is depicted in Fig. 1.

4 \/ N

D. Computational Methods

The entire calculations were performed using Gaussian 09 software package [17], at the B3LYP/6-311++G(d,p) level of theory.
DFT methods are more beneficial owing to their accuracy and low computational cost. These properties make DFT more practical
and feasible for the computations of different molecules. Transitions to the lowest excited singlet electronic states of Schiff base
compound was computed by using the gradient corrected DFT with the three-parameter hybrid functional Becke3 (B3) for the
exchange part and the Lee-Yang-Parr (LYP) correlation function. HOMO-LUMO energy level calculations and geometry
optimization have been carried out in the present investigation, using 6-311++G(d,p) basis set with Gaussian 09W program package
[18-22]. The chemical reactivity descriptors were calculated using DFT. These are very important physical parameters to understand
chemical and physical activities of the synthesized molecule. lonization potential is calculated as the energy differences between the
energy of the compound derived from electron-transfer (radical cation) and the respective neutral compound; IPg =E qtjon-En; 1Po= -
Enomo and the electron affinity is computed as the energy differences between the neutral molecule and the anion molecule: EA =
En- Eanion; EA0=-ELumo, respectively. From these calculations the other parameters such as electronegativity (y), electrochemical
potential (), hardness (1), softness (a) and electrophilicity index (w) have been determined [23].
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11l RESULTS AND DISCUSSION
The purity and stoichiometric proportion of the elements (CHN) of the synthesized compound was found by elemental analysis. The
micro analysis results showed that the compound PMDP contains C: 29.42% (29.30%), H: 1.38% (1.48%), N: 3.55% (3.42%). The
data indicated that the experimentally determined values are in well agreement with the theoretical values (within the bracket).

A. Characterization of PMDP

1) 'H-NMR Spectra: The "H NMR spectrum of PMDP was recorded in CDCl5 to confirm the formation of schiff base compound
(Fig. 2.). 'H-NMR spectrum showed a singlet at 8.44 ppm assigned to azomethine proton (-CH=N) and a signal at 14.31 ppm
characteristics of phenolic -OH proton. The multiplet signals obtained at 8.10-6.77 ppm range are due to the aromatic protons of
compound.
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Fig. 2 NMR spectrum of PMDP

2) ESI Mass: The ESI mass spectrum of PMDP is in good agreement with the proposed molecular structure and the mass spectrum
of the PMDP is shown in Fig. 3. The molecular ion peak, [M+H] appeared at m/z = 819.
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Fig. 3. ESI-Mass spectra of PMDP

3) X-ray crystallography: The ORTEP representation of PMDP is shown in Fig. 4. Relevant data collection and details of the
structure refinement are summarized in Table I. The single crystal XRD data of hkl crystals indicated that the grown crystal belongs
to monoclinic crystal system with P21/n space group. The cell parameters of PMDP are: a = 12.9989(16) A, b = 8.0453(10) A, ¢ =
21.584(3) A and volume is 2224.6(5) A® respectively. The two azomethine bond length are N1-C7, N2-C14, and their values are
1.259(7) A and 1.277(7) A is in conformation with a formed C=N double bond length. The molecular conformation of the
compound is given by two bond angles C(7)-N(1)-C(1), C(14)-N(2)-C(2), N(1)-C(7)-C(8) and N(2)-C(14)-C(15) C8-N2-N1-C7,
C9-C8-N2-N1, N2-N1-C7-C4 and their values are 122.5(5)° 118.6(5)°,121.8(5)° and 121.9(5)° [24-25]. (CCDC 1011768).
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Fig. 4. ORTEP representation of PMDP

TABLE. | CRYSTAL DATA AND STRUCTURE REFINEMENT FOR kmd180.

Identification code kmd180

Empirical formula C20 H12 14 N2 O2

Formula weight 819.92

Temperature 298(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21/n

Unit cell dimensions a=12.9989(16) A =90°.
b = 8.0453(10) A 0=
99.753(2)°.
¢ =21.584(3) A 1 =90°.

Volume 2224.6(5) A3

z 4

Density (calculated) 2.448 Mg/m3

Absorption coefficient 5621 mm-1

F(000) 1496

Crystal size 0.40 x 0.24 x 0.20 mm3

Theta range for data collection 1.71 to 28.28°.

Index ranges -17<=h<=17, -10<=k<=10, -
28<=1<=28
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Reflections collected 25069

Independent reflections 5366 [R(int) = 0.0434]
Completeness to theta = 25.00° 100.0 %

Absorption correction Empirical

Max. and min. transmission 1.0000 and 0.5982
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 5366 /0/253
Goodness-of-fit on F2 1153

Final R indices [I1>2sigma(l)] R1 =0.0481, wR2 = 0.0955
R indices (all data) R1 = 0.0630, wR2 = 0.1008
Largest diff. peak and hole 1.392 and -0.484 e.A-3

4) FT-IR spectrometry: FT-IR spectral analysis is carried out to get further structural confirmation of the synthesized compound.
Fig. 5 shows the IR spectrum of PMDP and the assignment of the well defined bands is given in Table II. The bands at 3747 cm™
and 3437 cm™ are attributed to the O-H stretching vibration for tri substituted phenol. The azomethine nitrogen is inferred from the
following observation. New strong bands appear at 1593 cm™ which is attributed to the newly formed N=C bond vibration. The
absorption bands at 3354 cm™ is due to the aromatic C-H stretching vibrations. The C-H bending vibration of 1,2-disubstituted
benzene and tetra substituted benzene moiety in the PMDP is observed at 751 cm™ and 862 cm™. The peaks at 1154 cm™ and 661
cm™ correspond to the aromatic amine C-N and aldehyde moiety of C-1 stretching vibrations respectively. The aromatic C=C
stretching vibrations are appeared at 1580, 1501 and 1473 cm™. The aromatic C-C stretching vibrations are exhibited at 1491 and
1453 cm™. A strong band at 1243-1261 cm™can be assigned to phenolic C-O stretching.
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Fig. 5 shows the IR spectrum of PMDP
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Table 11 FT-IR SPECTRUM ASSIGNMENT OF PMDP

Frequencies (cm™) Assignment

3747, 3437 O-H stretching vibration

3354 C-H stretching vibration in aromatic ring
1593 C=N symmetric stretching vibration
1580, 1501, 1473 Aromatic C=C stretching vibration
1491, 1453 C’C symmetric stretching vibration
1154 C-N symmetric stretching vibration
862 C-H bending vibration

751 C-H bending vibration

661 C-1 stretching vibration

5) Electronic spectral features : UV-Visible absorption spectrum of PMDP in methanol solvent was recorded and shown in Fig .6
The spectrum exhibits the blue region and the characteristic absorption band at 325 and 400 nm attributed to the n-n* and n-m*
bands of the title compound.

The emission spectrum was recorded in methanol solvent and is shown in Fig. 6. The spectrum shows broad peak at 529 nm when
excited at 400 nm. This covers the intact red regions of the visible spectrum.
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Fig. 6. UV-Visible absorption spectrum of PMDP

6) Thermal studies : Thermo gravimetric and differential thermal studies were used to examine the thermal stability of PMDP
crystals and the recorded thermogram is shown in Fig. 7. The TG curve illustrated the absence of any detectable weight loss upto
281° C and the crystal material decomposed immediately after melting. The decomposition takes place gradually in the high
temperature in a single stage into volatile gaseous products like NO,, NH; and HI. The residue which remains after the
decomposition may be a stable carbon compound. The DTA curve indicated the same changes shown by TG curve. The sharp
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endothermic dip at 281° C indicates the melting point of the material. The sharpness of this endothermic peak shows good degree of
crystallinity and purity of the material. This is further confirmed by a melting point apparatus.
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Fig. 7. Thermogram of PMDP

B. Computational investigation: As mentioned in experimental part, all calculations were carried out in B3LYP method in 6-
311++G(d,p) basis set. The optimized structure of PMDP is shown in Fig. 8. The figure shows the molecule in the ball and stick
model. The geometry optimization yields non planar structure. The optimized structural parameters of PMDP calculated by
B3LYP/6- 311++G(d,p) are presented in Table I11.

TABLE Il THE OPTIMIZED STRUCTURAL PARAMETERS OF PMDP

Compound KMD180
HOMO -3.7888
LUMO -2.3414

Energy gap 1.4474

IP 3.7888
EA 2.3414
Electronegativity(y) 3.0651
M -3.0651
Hardness(n) 0.7237
Softness(c) 1.3818
(w) 6.4908

Etotal -28427.24
Dipole moment 5.3216
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1) Electronic properties: Highest Occupied Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO)
known as Frontier Molecular Orbitals (FMO’s) and their energy gap (Eg) are very useful parameters in quantum chemistry. HOMO
can be thought as the outermost orbital which contains electrons representing the ability to donate an electron, while LUMO can be
thought the innermost orbital containing free places representing the ability to accept an electron [26]. Lower HOMO-LUMO
energy gap value indicates both the intra molecular charge transfer (ICT) within the molecule and lower chemical reactivity
implying higher kinetic stability [27-29]. Both HOMO and LUMO are the main orbitals that take part in chemical stability. The
HOMO-LUMO are computed at B3LYP/6-311G(d) level of theory [29].
In order to evaluate the energetic behavior of the synthesized PMDP, the HOMO and LUMO energy calculated by B3LYP method
in 6-311++G(d,p) basis set is presented in Table. 3. Fig. 9. and Fig. 9A. shows the frontier molecular orbitals of the PMDP. The
HOMO is localized on whole the four iodine atoms, oxygen atom of the two hydroxyl group and aldehyde benzene ring with strong
contribution. Azomethine nitrogen (>C=N-) and carbon atom of the diamino benzene with weak contribution. The LUMO is
localized mainly on the Azomethine nitrogen (>C=N-), the diamino benzene ring with great contribution, oxygen atom of the two
hydroxyl group and aldehyde benzene moiety with weak contribution According to calculation, the energy band gap of PMDP
reveals about 1.4474 eV by B3LYP method at the mentioned basis set.

HOMO energy = -3.7888 eV,

LUMO energy = -2.3414 eV.

HOMO-LUMO energy gap = 1.4474 eV
This small energy gap confirms the compounds with high chemical reactivity as well as high polarizability.
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=Y >

Eromo= - 2.3414 eV
LUMO

AE=1.4474 eV

Enomo— -3.7888 eV

Ground state

Fig. 9. and Fig. 9A. shows the frontier molecular orbitals of the PMDP
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2) Mulliken atomic charge: In order to evaluate the energetic behavior of the PMDP, we carried Mulliken atomic charge calculation
has an important role in the application of quantum chemical calculation to molecular system because of atomic charges effect
dipole moment, molecular polarizability, electronic structure and more a lot of properties of molecular systems [30]. The calculated
Mulliken charge values of PMDP are listed in Table. IV. The charge changes with methods presumably occur due to variation of
the hybrid functional. Illustration of atomic charges plotted is shown in Fig. 10. In compound all hydrogen atoms have a net positive
charge. The obtained atomic charge shows that the H6 atom has bigger positive atomic charge (0.3327 e) than the other hydrogen
atoms. This is due to the presence of electronegative oxygen atom (O5), the oxygen (O5) atom has bigger negative atomic charge (-
0.32149 e) than the other oxygen atoms. The charge of the nitrogen atoms N9 and N10 in imine groups are -0.2628 e and -0.2507 e
respectively. The oxygen atoms in hydroxyl group and nitrogen atoms in azomethine groups exhibit a negative charge, which are
donor atoms [31].

TABLE. 4. MULLIKEN CHARGE VALUES OF PMDP

S.No Atom Charge
1 I 0.083878
2 I 0.063171
3 I 0.093966
4 I 0.071128
5 0] -0.321488
6 H 0.332735
7 0] -0.317752
8 H 0.331498
9 N 0.262801
10 N -0.250766
11 C 0.079308
12 C 0.087346
13 C -0.123303
14 H 0.114077
15 C -0.102533
16 H 0.115679
17 C -0.105379
18 H 0.114587
19 C -0.116812
20 H 0.111947
21 C -0.008260
22 H 0.110049

3) Molecular Electrostatic Potential: The MEP 3-D plots of PMDP are portrayed in Fig. 11. MEP was calculated at the B3LYP/6-
311G(d,p) optimized geometry of the PMDP. The negative electrostatic potential in the molecule corresponds to an attraction of the
proton by the concentrated electron density (red shades as EPS surface), the positive electrostatic potential correlate with the
repulsion of the proton by atomic nuclei in regions where low electron density occurs and the nuclear charge is incompletely
shielded (blue shades) [32, 33]. The different values of the electrostatic potential are represented by different colors. Potential
increases in the order red < orange < yellow < green < blue. The significance of MEP lies in the fact that it simultaneously displays
molecular size, shape as well as positive, negative and neutral electrostatic potential regions in terms of color grading and is very
useful in research of molecular structure with its physiochemical property relationship. The red color is correlated with electron rich
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area whereas the blue color represents the electropositive sites [22, 33, 34]. ESP plots clearly indicate the maximum negative (red)
region is localized on the hydroxyl oxygen probably due attached with benzene and iodine, maximum positive (blue) region is
localized on outside of the benzene probably due to the hydrogen atoms. The color code of these maps is in the range between -
5.202e” (deepest red) to 5.202e (deepest blue) in PMDP, where blue indicates the strongest attraction and red indicates the
strongest repulsion.

s

Fig. 11. MEP of PMDP

111. CONCLUSION

Single crystal of PMDP was successfully grown by slow evaporation solution growth technique at ambient temperature. The crystal
structure was monoclinic crystal system with space group P21/n established by single crystal XRD analysis. The presence of various
functional groups in the salt crystal has been confirmed by FT-IR spectroscopic study. The synthesized PMDP has good stabilities
and their thermal decomposition temperature is 281 °C and it can be use in high temperature applications. This PMDP is found to
have excellent optical properties. The Mulliken atomic charges as well as molecular electrostatic potential of the title compounds
were reported. All the theoretical calculations were carried out by the more popular DFT methods, B3LYP, at 6-311++G(d,p) level
of theory. The HOMO-LUMO energy gap as an important value for stability index revealed high chemical reactivity of synthesized
PMDP in chemical reactions and the theoretical and experimental energy gap values indicate that the PMDP is suitable for the
fabrication processes for optoelectronic devices.

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

A. Supplementary data

Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Centre, CCDC
1011768. Copy of this information may be obtained free of charge from the Director, CCDC, 12 Union Road, Cambridge, CB21
EZ, UK (fax: +44 1223 336033: e-mail: deposit@ccdc.cam.ac.uk or www.ccdc.cam.ac.uk/deposit).
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