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ABSTRACT

A novel molecule, 10-(9-hexyl¥®-carbazol-3yl)-16i-phenothiazine-3-carbaldehyde
(CZPTZA) has been synthesized and characterized througR FIV-Vis, NMR spectroscopic
studies and molecular orbital calculations. Optadigeometrical structure, harmonic vibrational
frequencies and NMR are computed with B3LYP methehg 6-311++G(d,p) basis set. The
geometrical parameters of the title compound obthiftom Single Crystal XRD studies have
been found in accord with the calculated (DFT) galuThe experimentally observed vibrational
frequencies are compared with the calculated omksh were found to be in good agreement
with each other. UV-Vis spectra of the title compdinave also been recorded and the electronic
properties,viz. excitation energies, calculated energies, osaillstrengths, frontier orbital
energies and band gap energies are computed witbHDCAM-B3LYP method using 6-
311++G(d,p) as the basis set. Tieand**C NMR chemical shifts of the molecule have been
calculated by the Gauge Independent Atomic Or§{EdAO) method and compared with the
experimental outcome. Also, the values of dipolentant, polarizabilities and first order

hyperpolarizabilities have been computed.
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I ntroduction

Organic molecules with donor-acceptor deeds aradas emerging materials towards
solar energy cells [1] owing to their low cost, oheal versatility and trouble-free fabrication
compared to other alternative solar cell techn@sgin addition, the conjugatedelectron
systems with specific functional scaffolds like ngacrylic acid [2] and carboxylic acid [3] have
been stimulated to enhance the electrical and appioperties. In the past decades, a diverse
range of molecules including organic dyes [4], mbtsed dyes [5], dendrimers [6] and
polymers [7] has been extensively used as efficgamisitizers in organic solar cells (OSCs).
Recently, smaller molecules attracted the studgroter to improve the efficiency of energy
conversion and to realize the structure-propergticmship. Thus, many researchers around the
globe focused their attention to organic photo&ctivaterials with simple synthetic processes

and low costs.

Carbazole (CZ), also known as 9-azafluorene, istragen containing heteroaromatic
compound. The presence of nitrogen at position $hefCZ ring increases the electron rich
nature of CZ. Carbazole derivatives have been wisieldied in OSC due to their ability to form
stable radical cations [8], excellent thermal andotpchemical stabilities [9] and easy
availability. Further, the synthesis and applicasiof its derivatives have been an increasing

area of research in the past couple of decades.



On the other hand, phenothiazine (PTZ) is an esxe#lectron donating chromophore as
a result of its good thermal [10] and electrochengtability [11]. Hence, it is widely used in
chemical manufacturing as organic light emittingdgis (OLEDSs) [12], semiconductors [13] and
in solar cells applications [7]. Phenothiazine reygtem has been chemically modified to exhibit
various activities like anti-malarial [14], antifuzer [15], anti-helminthic [16], anti-histamine

[17] and anti-psychotic ones [18].

The wide variety of applications of organic molexul possessing carbazole and
phenothiazine structural motifs reported in theréture inspired us to prosecute research on
novel system carrying these two carbazole and gh&mine moieties and, we herein report a D-
D-A  type molecule 10-(9-hexyl#9-carbazol-3yl)-161-phenothiazine-3-carbaldehyde
(CZPTZA), in which the phenothiazine moiety is employedpasnary unit. The compound
CZPTZA was synthesized by adopting multi-steps syntrstiategy and analyzed using both
experimental as well as computational methods.péd structural parameters were obtained
by Density Functional Theory (DFT) by performing IB3/6-311++G(d,p) level of
calculations. From the theoretical results, optedizstructural parameters, vibrational
assignments and chemical shift values are dedut@d@mpared with the experimental results.

The theoretical results are found to be in goo@ament with the experimental ones.

Experimental section
General
The melting point of the title compound was meaduie open capillary and is

uncorrected. FT-IR spectrum of the synthesized aam@ was recorded on Shimadzu IR
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Tracer-100 in the range of 400-4000 trasing KBr pellet form. The spectral features are
reported in wavenumber (¢t 'H and **C NMR were recorded on a Bruker 400 MHz
spectrometer. Chemical shift values are reported perts per million (ppm) from

tetramethylsilane (TMS). Single Crystal XRD datareveollected on a Bruker, 2008 SMART
APEX Il diffractometer. All diffraction measuremeanivere performed at 273 K using graphite

monochromated Mo &radiation { = 0.71073 A).

Synthesis of 10-(9-hexyl-9H-carbazol-3yl)-10H-phbiazine-3-carbaldehydgCZPTZA)

The intermediates, X3phenothiazine-3-carbaldehyde and 9-hexyl-3-ioHiee@rbazole
are synthesized by adopting literature methods.

To a solution of 1B-phenothiazine-3-carbaldehyde (0.50 g, 2.4 mmot) @hexyl-3-
iodo-H-carbazole (0.94 g, 2.5 mmol) in 1,2-dichloroberzef20 mL) under nitrogen
atmosphere, were added copper powder (0.30 g, mdlynpowdered potassium carbonate
(0.90 g, 6.5 mmol) and 18-crown-6 (0.11 g, 0.4 mmdhe reaction mixture was heated to
reflux for 48 h and filtered after cooling to rodemperature. The solvent was removed under
reduced pressure and the mixture was extracteddidgtitoromethane after the addition of water.
The organic phase was then separated, dried ofdesus sodium sulphate and concentrated
under reduced pressure. The solid thus obtainedsulgected to column chromatography using
5~25% ethylacetate in hexane as eluent to affoné [0-(9-hexyl-8i-carbazol-3-yl)-16i-
phenothiazine-3-carbaldehyde. Yield: 0.79 g (69%).

Pale Yellow solid; mp: 158-160 °C; FT-IR (KBr, &n 3052-2805 (C-Homatic & aliphatigs
1661 (C=Qugenyad, 1594 (C=C), 1245, 1204 (C-N), 1072 (C-8¥;NMR (5, CDCk, 400 MHz):
9.66 (s, 1H), 6.16-8.08 (m, 14H), 4.35 (d, 2H, AZH.33-1.94 (m, 8H); 0.87 (t, 3H, GH °C
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NMR (5, CDCk, 100 MHz): 14.07 (C1), 22.62 (C2), 27.07 (C4),0B9(C5), 31.61 (C3), 43.49
(C6), 189.82 (C=Quenyad, 109.24, 110.93, 115.28, 116.78, 118.86, 11915%.87, 120.69,
122.35, 122.45, 123.30, 124.75, 126.57, 126.65,112127.37, 127.54, 130.01, 130.80, 130.82,

139.91, 141.07, 143.34, 150.07 (aromatic carbons).

Computational details
The entire set of calculations was performed in BBLYP method with

6-311++G(d,p) basis set using Gaussian 09 prograokgge [19]. The gradient corrected
density functional theory (DFT) with the three paeder hybrid functional Becke3 (B3) for the
exchange part and the Lee-Yang-Parr (LYP) coridhiinction [20] have universally been used
as a cost effective approach. The frequency vatoesputed at these levels contain known
systematic errors. To bring the theoretical fre@iesin close proximity to the experimental
values, the scaling factor value [21] of 0.96 wasdi UV-Vis absorption spectra were calculated
by time dependent-DFT with CAM-B3LYP/6-311++G(d/pasis set in both gas and solution
phase. NMR chemical shifts were computed at B3LY3/6++G(2d,p) level using the Gauge
Independent Atomic Orbital (GIAO) method [22]. Th¢ and™*C isotropic chemical shift values
were referenced to the corresponding values of TM#¢h was calculated at the same level of

theory.

Results and Discussion
Synthesis
Copper mediated Ullman type coupling reaction betwel(MH-phenothiazine-3-

carbaldehyde,[23] synthesized by adopting Duffctiea on commercially available HO
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phenothiazine and 9-hexyl-3-iod®iScarbazole, [23] synthesized by using alkylatiohoived
by iodination reaction on commercially availablebzazole, provided the title compound 10-(9-
hexyl-9H-carbazol-3-yl)-161-phenothiazine-3-carbaldehyde in good vyield (69 %)he
schematic representation for the synthesi€BPTZA is outlined inScheme 1. The product

was then characterized by FT-f®] and**C NMR and Single crystal X-ray diffraction analysis

Scheme 1.

Molecular geometry

The analyzed crystal (CCDC No. 1479040) was growrslow evaporation technique
using chloroform as solvent at room temperaturgs@t system of the compour€@ZPTZA
belongs to monoclinic with P21/n symmetry. Detadf the crystal data and refinement
parameters o€ZPTZA are summarized ifiable 1. An ORTEP view and numbering scheme of
CZPTZA is shown inFig. 1la. Selected bond lengths, bond angles and dihedrgles of

CZPTZA are summarized ifiable 2.

XRD single crystal structure reveals that the Cd BiiZ motifs are nearly perpendicular
to each other as evidenced by the dihedral anglé4é€8 and C22/C18 through N7-C17 are
93.1(4), -85.1(4), -89.3(4) and 92.5(4)°, respettivThe mean C-C single bond lengthis46
A, which is in good agreement with the expectedgeafor a C-C single bond. Single bond
lengths of carbon-nitrogen and carbon-sulfur areuati.40, and 1.74 A, respectively. Bond
lengths among the CZ and PTZ ring carbons are drduB9 A, the expected range. Bond angles

of sif hybrid of CZ and PTZ rings are around 120°. Theesof selected bond lengths, angles
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and torsion angles are given Trable 2. The geometric parameters of theoretically compute
optimized structure of compour@ZPTZA have been compared with the X-ray crystal strectur

which showed no significant difference; the largdestiation in bond distance is 0.1 A,

The optimized molecular structure 6ZPTZA is shown inFig. 1b and geometrical
parameters are presentedliable 2. In the optimized geometry, the bond angles aedithedral
angles between the planes C4-N7-C8 (121.7°)/C5€3.({98.9°) and N7-C4-C5-S10 (-6.9°)
N7-C8-C9-S10 (8.6°) imply that the central six menda ring in the PTZ scaffold exists in non-
planer geometry [24] and this ring adopts a boafamnation while the CZ unit adopts planar-
like geometry [25]. Further, the CZ structural rmadi oriented in the equatorial position of the
central heterocyclic ring of phenothiazine with boanformation and, as a whole; this CZ motif
is oriented in almost perpendicular to that of phenothiazine structural unit. It is reported that
all the carbon-carbon bond lengths in the CZ and Bifuctural motifs are between carbon-
carbon single bond and double bond, implying tha¢ré exists an extensive electron
delocalization throughout the molecules [26]. Themd lengths in CZ and PTZ ar&.410A;
closer to the calculated values for carbon-cartmdbThe C-N bond lengths of the investigated
compound are shorter than the average single CiN bength of 1.472, being C4-N7 =
1.412(4), N7-C8 = 1.388(4), N7-C17 = 1.444(4), Q26 = 1.379(4), C24-N25 = 1.367(5) and
N25-C30 = 1.462(5) A, thus showing varying degregsingle bond character [27]. The other
bond lengths and angles computed by DFT method gjmed agreement with their single

crystal XRD values [28].

Fig. 1.



Tablel

Table2

Vibrational analysis

The molecular structure aZPTZA consists of 63 atoms, showing a total number of
183 normal modes of vibrations which are assigngdusing PED. Most of the observed
vibrational patterns coincide with theoreticallyjatdated vibrational modes. Both experimental
and theoretical FT-IR spectra of compouBdPTZA are shown inFig. 2 and vibrational

frequencies are furnished Trable 3.

The C-H stretching in alkyl groups occurs at lodreguencies than those in aromatic
ring i.e., 2970-2840 cth[29]. In the present case, the weak and mediundsdor C-H
stretching vibrations of the hexyl side chain in iy are observed at 2957-2805tin FT-IR,
while the calculated stretching frequencies lieghie spectral range around 2963-2874cm
The deformation vibrations of C-H at 1402-1369 &&0-842 crit in FT-IR are assigned to
mixture of deformation modes with C-H and skeletdorations. All these assignments are in

good agreement with literature values [28c, 30].

The C-H stretching vibrations in aromatic and het@romatic rings appear in the range

3100-3000 cii which is the characteristic region for the readenitification of such C-H
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stretching vibrations [29]. The C-H stretching fueqcy is observed at 3052-3007 tin the
FT-IR spectrum and the computed C-H stretchingatibns of CZ and PTZ rings obtained at
3087-3033 cril. Hence, these experimental and computational @#icking vibrations are in
good agreement with each other. The C-H in-plamelipg vibrations oCZPTZA are observed
at 1134-1015 cihin the FT-IR spectrum and the computed values-6f @-plane and out of

plane bending vibrations, listed Trable 3, are in good agreement with the experimental \&lue

Fig. 2.

In general, ring carbon-carbon vibrations (C-C &wlC) are observed in the region
1630-1480 crit [31]. In the present study, the wavenumbers olesein FT-IR at 1570-1463
cm® are due to C-C stretching vibrations. The compitequencies at 1594-1457 ¢rby DFT
method show a good agreement with experimentaltse§ihe in-plane and out-of plane bending

C-C-C modes of compour@ZPTZA are presented ifiables 3.

Table3

Compounds containing carbonyl group show a strdosgption in the region of 1750-
1650 cni [32]. The characteristic FT-IR band appeared d@116ni" in the titte compound
confirms the presence of carbonyl group in the safifee computed carbonyl stretching
vibration of aldehyde carbonyl is observed at 168" which correlates well with the

experimental value.



The assignment due to the C-N and C-S stretchim@tions is difficult to identify in the
infrared spectrum as the band is of variable intg@sd may be found over the wide range. The
C-N and C-S stretching bands are found to be pteaerl220 and 1080 ch[29,32].
The observed bands at 1204/1245 and 1072 amrespond to C-N and C-S units, respectively.
The corresponding calculated values for C-N and @8 1205/1248 and 1089 ¢m

respectively.

The linear regressions between the experimentalthedretical scaled wavenumbers
obtained forCZPTZA with B3LYP/6-311++G(d,p) method are presented upptementary
Fig. S1. The minimal RMS deviation confirms the relialiliof the assignments of the

fundamental modes of the compou@dPT ZA.

Fig. SL.

Mulliken population analysis

The partial atomic charge distribution of indiviledom is established using Mulliken
population method. Electrons population of compo@dPTZA were obtained from the
optimized structural calculation at B3LYP/6-311+#() level and the values are listed in
supplementary able S1. The net atomic charge distribution of compo@®PTZA is furnished
in Fig. 3. The charge distributions over the atoms sugdestdrmation of donor and acceptor
pairs involving the charge transfer in the moled@e]. In the compoun€ZPTZA, nitrogen,
N7 and carbon, C13 atoms have attained more pesitiarge and become more acidic, whereas

the carbons, C17 and C35 have more negative chihageother atoms due to the connection
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through more electronegative nitrogen atom. In ¢agazole and phenothiazine moieties, the
positive charges are localized on the hydrogen sttand all the carbon atoms have negative
charges except C5, C6, C13, C15 and pyrrole skelgtacarbazole which suggests that the

electron delocalization takes place in the enticdecule [34].

Fig. 3.

TableS1

UV-Vis spectral analysis

The UV-Vis spectroscopic parameters such as wagtisnexcitation energies, band gap
energies and oscillator strengths of the title conmual have been computed by TD-DFT method
with CAM-B3LYP/6-311++G(d,p) basis set in both vaou as well as solvent phase and their
pertinent parameters are tabulated in supplementabje S2. The experimental UV-Vis
spectrum of th€ZPTZA has been obtained in acetonitrile, dichloromethdmeethylsulfoxide,
ethanol and hexane. The experimental and simulbitédV/is spectra of theCZPTZA, are
displayed irFig. 4.

As can be seen irig. 4 and supplementaryable S2, three distinctive bands are
observed for the compour@ZPTZA in all solvents. The bands observed in the wavetengf~
400, 350 and 290 nm have been assigned tent and n—n* transitions, associated with the
carbaldehyde functional group and CZ & PTZ groupspectively (i.e., ~400 nm-r*; CHO
and ~350 & 290 nm; n—n*; CZ & PTZ). The absorption intensities are slightly incezhs non-

polar solvents compared to polar solverigy(4). This hyperchromic shift probably points to
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the deprotonation of the compound in the solutildre observedmax values and the calculated

excitation wavelengths agree reasonably well exitteplowest energy excitation above 300 nm.

Fig. 4.

Table S2

HOMO-LUMO analysis

The electron distribution of frontier molecular dats HOMO and LUMO of compound
CZPTZA is shown in supplementaFRyg. S2 and their corresponding energy values are provided
in supplementaryTable S3. The charge transport properties and electronicctsire of the
molecule are mainly depending on energy differenbesce, it is necessary to examine the
HOMO-LUMO energy gap [35]. The difference in cakt@d HOMO-LUMO energy values of
ground state, first and second excited states @radfto be 1.5484, 3.0809 and 4.1172 eV,
respectively. As can be seen from the moleculaitaisbof CZPTZA, the HOMOs of molecular
charges are nearly located over the CZ moiety, evthe LUMO and LUMO+1 are almost
localized over the entire CZ and PTZ moieties. Thhs electronic transition from the HOMO
(ground state) to the LUMO (excited state) is maiglectron flowing from the CZ ring to the
PTZ ring, which belongs te-7* transition. The Gauss-Sum 2.2 Program [36] hanhgsed to
calculate the group contribution of molecular aalsitand to determine the density of states
(DOS) of the molecule as shown in supplemenkgy S3. DOS plot shows the population of
orbital compositions with their contribution to chieal bonding and demonstrates a clear view

of the character of the molecular orbitals in daiarenergy range.
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Fig. S2.

Fig. S3.

TableS3

Molecular electrostatic potential (MEP) analysis

The MEP of a molecule is related to electron dgn&D), which measures the reactivity
of the molecule and determine the nature of theeoudé [37]. The MEP, easily interpreted as a
color spectrum, with red and blue as the lowestlagbest electrostatic potential energy values
respectively, employed to convey the varying inities of the electrostatic potential energy
values. The supplementaFRig. 4 illustrates total density and electrostatic patnwith its

contour model of the compou@ZPTZA, computed at the 0.002 a.u isosurface of the mtdec

From the MEP pictures, it could be observed thatdblor code of the maps is in the
range between -0.111 (electrophilic attacking satej 0.111 E (nucleophilic attacking sites), the
areas of high potential (red), are characterizedabyabundance of electrons. Oxygen has a
higher electronegativity value than nitrogen andfusu Oxygen atom would consequently
possess higher electron density around it tharogetr and sulfur atoms. Thus the spherical
region that corresponds to an oxygen atom woulck feaved portion on it. However, the light
yellow region spread on the MEP surface due tomiatehalfway between the two extreme

regions and this confirms the existence of an mtéecular interaction.
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Fig. $4.

Nuclear Magnetic Resonance spectral analysis

The 'H and *C NMR chemical shifts calculation of compou@ZPTZA have been
made by B3LYP with 6-311++G(2d,p) basis set, coragavith the experimental values and are
presented in supplementafable $4 and the experimental and theoretical spectra arested
in supplementarfig. S5. In the’'H NMR, a sharp triplet appeared in the up fieldigagt 0.87
ppm with three protons integral reveals the preserianethyl protons of hexyl side chain (H61,
H62 and H63) and the experimental values are i ggreement with their computed chemical
shifts (at 0.82, 0.84 and 1.10 ppm). There are finethylene groups present in the hexyl side
chain. An eight protons multiplet appeared in thielsled region (1.33-1.94 ppm) corresponds to
protons of four methylene groups (H53-H60) and @ tprotons triplet observed in the
comparatively downfield region (4.35 ppm) corresg®mo protons of other methylene group,
directly attached to nitrogen atom of CZ moietyl thlese methylene protons are matched well
with their corresponding signals in computed oneshfarp singlet resonates in the extreme
downfield region at 9.66 ppm with one proton insgrorresponds to proton of aldehyde moiety
and this value coincides with the computed one4(®8m). A collection of signals obtained in
low field region at 6.16-8.08 ppm corresponds tnaatic protons of CZ and PTZ moieties and

these values are in harmony with the theoreticallts.

Fig. S5.
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In the *C-NMR, the aromatic carbon signals fall in overlegpareas of the spectrum
with the chemical shifts ranging from 100 to 160vpm organic molecules [38]. The aromatic
carbons appeared in the deshielded region fromt@0B50 ppm are in accordance with the
calculated results. The shielded signals aroun@-43.4 ppm are assigned to the hexyl side
chain carbons (C30-C35) attached to the CZ ringichwtare in good agreement with the
calculated values of 13.7-42.5 ppm. A signal faboayl carbon of PTZ appeared in the extreme
downfield region at 189.8 ppm. In the computed @he,characteristic signal appeared at 182.8
ppm is assigned to carbonyl carbon. The correlatmefficient values show a good agreement

between the experimental and the calculated reasilthown in supplementdfig. S6.

Fig. S6.

Table 4

Non-linear optical (NLO) properties

In order to investigate the relationship betweeneadar structure and non-linear optical
properties (NLO), the polarizabilities and firstder hyperpolarizabilities of the molecule was
calculated. It is well known that molecules withgivalues of dipole moment, molecular
polarizability, and first hyperpolarizability shomore active NLO behaviours [39]. The first
hyperpolarizability §) and the components of hyperpolarizabilipy, (3y andf,) of compound

CZPTZA and the related propertias o, @ndog) are listed in supplementaifable Sb.
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The calculated value of total dipole moment is fbio be 7.7134 Debye and average
polarizability is 5.4894 x 168 Debye-Ang. However, the average polarizability thie
synthesized compoun@ZPTZA is greater than that gé-nitroaniline molecule which is a
typical NLO material [40]. The magnitude of molemuhyperpolarizability {) is one of the
important key factors for a NLO system. As can bensfrom supplementarfable S5, the
calculated first hyperpolarizability value)(of compoundCZPTZA is 3.9046 x 18° esu.
Further, the first hyperpolarizability value is cpaned with the standard material, urea (0.372 x
10°° esu). The hyper-polarizability value) of CZPTZA is nearly ten times greater than that
of urea [41] and the dipole moment is also higlemtthat of urea (1.373 Debye). From the
above results, it is concluded that the moleculalanzability and hyperpolarizability of the

synthesized compour@ZPTZA in all coordinates are active.

Table S5

Conclusion

The title compoun®€ZPTZA was synthesized by copper mediated Ullman typeloay
reaction between Hphenothiazine-3-carbaldehyde and 9-hexyl-3-ioHee@rbazole in 1,2-
dichlorobenzene under phase transfer catalyticitond The scaled vibrational frequencies are
in good agreement with the experimental results; ibrational modes are assigned based on
TED calculation. ThéH and **C NMR chemical shift values are in good harmonyhvtite
experimental results. The small HOMO-LUMO energy gadicates the compourdZPTZA

has potential applications in the field of OSCse Tnedicted first hyperpolarizability valug)(
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of molecule is nearly ten times greater than tHatirea, which shows that the title chemical

entity is an attractive object for future studiésonlinear optical properties.
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Tablel

Crystal data of CZPTZA.

10-(9-hexyl-9H-carbazol-3yl-)-10H-phenothiazine&4galdehyde

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Theta range for data collection
Limiting indices

Reflections collected/unique
Completeness to theta = 25.242
Data/restraints/parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

C31H28N205

476.60

273(2) K

0.71073 A

Monoclinic, P 21/n

a=11.9022(5) A a=90°
b=9.2214(3) A B =100.096(2)°
c=22.7176(8) A y=90°
2454.76(16) A

4,1.284 Mg/m

0.159 mnt

1000

1.815 to 28.898°
-16<h<16,-12<k<12,-30<1< 30
35686/6449 [R(int) = 0.0522]

100.0 %

6449/0/327

1.042

R1 =0.0915, wR2 = 0.2685

R1 =0.1642, wR2 = 0.3327




Table2

Selected structural parameters for CZPTZA.

Bond length Calc. Expt. Bond length Calc. Expt.
C1-C2 1.391 1.376(7) C17-C22 1.406 1.396(5)
C1-C6 1.393 1.358(6) C18-C19 1.396 1.387(4)
C2-C3 1.393 1.379(5) C19-C20 1.420 1.405(5)
C3-C4 1.402 1.396(5) C19-C23 1.446 1.445(5)
C4-C5 1.406 1.395(5) C20-C21 1.398 1.390(5)
C4-N7 1.424 1.412(4) C20-N25 1.386 1.379(4)
C5-C6 1.393 1.396(5) C21-C22 1.390 1.372(5)
C5-S10 1.779 1.744(4) C23-C24 1.419 1.399(5)
N7-C8 1.406 1.388(4) C23-C26 1.398 1.391(5)
N7-C17 1.444 1.444(4) C24-N25 1.392 1.367(5)
C8-C9 1.411 1.408(4) C24-C29 1.397 1.407(5)
C8-C11 1.410 1.402(5) N25-C30 1.456 1.462(5)
C9-S10 1.780 1.753(4) C26-C27 1.390 1.368(6)
C9-C14 1.388 1.364(5) C27-C28 1.404 1.387(7)
Cl1-C12 1.384 1.366(5) C28-C29 1.391 1.376(7)
C12-C13 1.400 1.388(5) C30-C31 1.535 1.485(6)
C13-C14 1.400 1.387(5) C31-C32 1.533 1.455(8)
C13-C15 1.472 1.445(5) C32-C33 1.533 1.568(9)
C15-016 1.214 1.202(5) C33-C34 1.533 1.020(11)
C17-C18 1.390 1.378(5) C34-C35 1.531 1.647(17)

Bond angle Calc. Expt. Bond angle Calc. Expt.
C2-C1-C6 119.0 119.8(4) C18-C17-C22 120.6 120.4(3)
C1-C2-C3 120.6 120.2(4) C17-C18-C19 119.2 119.0(3)
C2-C3-C4 121.0 121.0(4) C18-C19-C20 119.7 119.7(3)
C3-C4-C5 117.9 118.1(3) C18-C19-C23 133.7 133.4(3)
C3-C4-N7 121.2 120.1(3) C20-C19-C23 106.6 106.9(3)
C5-C4-N7 120.9 121.8(3) C19-C20-C21 121.2 121.5(3)
C4-C5-C6 120.8 119.6(4) C19-C20-N25 109.2 108.6(3)
C4-C5-S10 120.1 122.4(3) C21-C20-N25 129.6 129.9(3)
C6-C5-S10 118.9 117.7(3) C20-C21-C22 118.1 117.5(3)
C1-C6-C5 120.6 121.2(4) C17-C22-C21 121.3 121.9(3)
C4-N7-C8 121.7 123.9(3) C19-C23-C24 106.5 105.7(3)
C4-N7-C17 118.1 117.2(3) C19-C23-C26 133.8 133.8(3)
C8-N7-C17 118.4 118.9(3) C24-C23-C26 119.7 120.5(3)
N7-C8-C9 120.9 122.3(3) C23-C24-N25 109.2 110.1(3)
N7-C8-C11 121.3 120.3(3) C23-C24-C29 121.4 120.5(4)
C9-C8-C11 117.9 117.4(3) N25-C24-C29 129.4 129.4(4)
C8-C9-S10 120.1 121.6(3) C20-N25-C24 108.5 108.8(3)



C8-C9-C14 120.5 120.2(3) C20-N25-C30 125.7 124.3(3)
S10-C9-C14 119.1  117.9(3) C24-N25-C30 125.6 12%.9(3
C5-S10-C9 98.9 101.96(16) C23-C26-C27 119.1 118.8(4
C8-C11-C12 121.2  121.3(3) C26-C27-C28 120.6 120.7(4
C11-C12-C13 120.7 121.2(3) C27-C28-C29 121.5 122.3(
C12-C13-C14 118.6 117.7(3) C24-C29-C28 117.8 14y.2(
C12-C13-C15 121.5 121.2(4) N25-C30-C31 113.5 123.8(
C14-C13-C15 1199 121.1(3) C30-C31-C32 112.8 154.8(
C9-C14-C13 121.1 122.3(3) C31-C32-C33 113.1 113.9(7
C13-C15-016 125.2 126.3(4) C32-C33-C34 113.7 129)3(
N7-C17-C18 118.6 118.3(3) C33-C34-C35 113.2 128)7(1
N7-C17-C22 120.7 121.3(3)

Dihedral angle Calc. Expt. Dihedral angle Calc. Expt.
C6-C1-C2-C3 -1.0 1.0(7) N7-C17-C18-C19 179.8 178.2(
C2-C1-C6-C5 -0.9 -2.8(7) C22-C17-C18-C19 0.0 -0.1(5
C1-C2-C3-C4 1.2 1.5(7) N7-C17-C22-C21 -179.7  -1{B.4
C2-C3-C4-C5 0.5 -2.2(6) C18-C17-C22-C21 0.2 -0.2(5)
C2-C3-C4-N7 -179.9 176.4(4) C17-C18-C19-C20 0.0 {4
C3-C4-C5-C6 -2.4 0.5(6) C17-C18-C19-C23 -179.9  A®
C3-C4-C5-S10 172.8 175.3(3) C18-C19-C20-C21 0.0 4(50.
N7-C4-C5-C6 178.0 -178.2(4) C18-C19-C20-N25 179.7 79.8(3)
N7-C4-C5-S10 -6.9 -3.4(5) C23-C19-C20-C21 179.8 .2(®
C3-C4-N7-C8 150.7 163.1(3) C23-C19-C20-N25 -04 6.
C3-C4-N7-C17 -13.7  -19.5(5) C18-C19-C23-C24 179.7 79.5(3)
C5-C4-N7-C8 -29.6  -18.3(6) C18-C19-C23-C26 -0.3 (®.3
C5-C4-N7-C17 166.0 159.2(3) C20-C19-C23-C24 0.1 13
C4-C5-C6-C1 2.6 2.1(7) C20-C19-C23-C26 179.8 -1(79.2
S10-C5-C6-C1 -172.6  -173.0(4) C19-C20-C21-C22 0.2 .2(5
C4-C5-510-C9 33.8 20.0(4) N25-C20-C21-C22 -179.5 9.8(8)
C6-C5-S10-C9 -151.0 -165.1(3) C19-C20-N25-C24 09 .04
C4-N7-C8-C9 28.7 16.8(6) C19-C20-N25-C30 1753 9®.
C4-N7-C8-C11 -152.1 -164.2(4) C21-C20-N25-C24 -579.-178.7(3)
C17-N7-C8-C9 -167.0 -160.6(3) C21-C20-N25-C30 -5.0 0.2(6)
C17-N7-C8-C11 12.2 18.4(5) C20-C21-C22-C17 -0.2 3.2
C4-N7-C17-C18 -97.9 -85.1(4) C19-C23-C24-N25 0.7 74
C4-N7-C17-C22 82.0 93.1(4) C19-C23-C24-C29 -179.7179:0(3)
C8-N7-C17-C18 97.2 92.5(4) C26-C23-C24-N25 -179.380.Q(3)
C8-N7-C17-C22 -82.9  -89.3(4) C26-C23-C24-C29 04 3(9).
N7-C8-C9-S10 8.6 6.0(5) C19-C23-C26-C27 179.9 1(43.8
N7-C8-C9-C14 -177.4  178.7(3) C24-C23-C26-C27 -0.2 0.3(5)
C11-C8-C9-S10 -170.7 -173.0(3) C23-C24-N25-C20 -0.9 -1.1(4)
C11-C8-C9-C14 3.3 -0.3(5) C23-C24-N25-C30 -175.4 79:9(3)
N7-C8-C11-C12 179.4  -177.5(4) C29-C24-N25-C20 179.4178.6(4)
C9-C8-C11-C12 -1.3 1.6(6) C29-C24-N25-C30 4.9 €).2(
C8-C9-S10-C5 -34.7  -21.2(3) C23-C24-C29-C28 -0.3  1(®.



C14-C9-S10-C5
C8-C9-C14-C13
S10-C9-C14-C13
C8-C11-C12-C13
C11-C12-C13-C14
C11-C12-C13-C15
C12-C13-C14-C9
C15-C13-C14-C9
C12-C13-C15-016
C14-C13-C15-016

151.2
-3.1
171.0
-1.0
1.3
-179.0
0.7
-179.0
0.1
179.9

165.9(3)
-1.8(6)
171.2(3)
-0.8(6)
-1.3(6)
177.2(4)
2.6(6)
-175.9(4)
1.3(7)
179.7(4)

N25-C24-C29-C28
C20-N25-C30-C31
C24-N25-C30-C31
C23-C26-C27-C28
C26-C27-C28-C29
C27-C28-C29-C24
N25-C30-C31-C32
C30-C31-C32-C33
C31-C32-C33-C34
C32-C33-C34-C35

179.3179.6(4)
-87.0 7.5(5)
86.6 101.2(5)
0.0 1(@).

0.0 (M5
0.1 -0.5(7)

179.8 .93
997 177.0(6)
179.9 9(20
4180 -6(4)




Table3
Experimental and calculated vibrational frequenciedues of CZPTZA with proposed

assignment.

Mode Expt Freq Calc Freq Calc Freq

No  (FT-IR) (Unscaled) (Scaled) 'R ARypent
1 12 12 19  TCCCH (26)
2 16 15 1.34  TCCCH (42) +1CCCC (20)
3 22 21 1.64  T'CCCH (32)
4 32 31 1.22  tCCNC (35) +'CCCH (12)
5 42 40 227  IHCCH (20) +:CCSC (32)
6 46 44 1.74  1CCSC (24) ®=CCCC (38)
7 51 49 0.42  1CCNC (22)+ BCSC (15)
8 70 67 119  tCCNC (16) +'CCCH (26)
9 03 89 551  tCCCC (28)
10 101 97 385  tCNCC (35)
11 103 99 337  tHCCH (18)
12 113 108 851 THCCH (12)
13 128 123 7.46  tCCCC (20) +THCCH (32)
14 133 128 37  1CCCC (33)
15 137 131 6.72 tCCCH (18)
16 145 139 272 tCCCC (12) +CCCH (20)
17 153 147 236  THCCH (26)
18 164 157 3.09 tCCCC (24)
19 199 101 59  tCCCC (22)
20 209 201 576  tCCNC (25)
21 235 226 9.67 tCCCH (28)
22 239 229 6.02  tCCCH (18) +tHCCH (12)
23 243 233 0.34  tCCCH (32)
24 266 255 812  tCCCH (30)
25 272 261 83  tCCCH (38)
26 288 276 54  tCCCH (16) +HCCH (25)
27 292 280 1043 tCCCH (18) +THCCH (15)
28 314 301 11.92 T'CCCH (32) +1CCCC (10)
29 319 306 6.38  THCCH (54)
30 332 319 592  tCCCH (26) +BCCO (10)
31 383 368 567 tCCCH (20)
32 400 384 412  tCCCH (18) rTHCCC (20)
33 424 407 10.63 tCCCH (24)

34 434 417 6.41  BCNC (22) +I'CCCH (15)



35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

430

459

546

599

640

735

797
813

842

436
439
440
452
456
465
479
522
527
547
571
574
584
617
625
646
657
664
681
715
729
735
736
746
748
750
752
761
767
784
797
811
823
844
858
865
868
884
895
898
908
920
940

418
421
422
434
438
446
460
501
506
525
548
551
561
592
600
620
631
637
654
686
700
705
706
716
718
720
722
730
736
752
765
778
790
810
824
830
833
848
859
862
871
883
902

9.76
8.57
3.72
8.76
4.35
10.43
17.87
11.8
11.11
1.9
11.08
16.24
10.08
20.26
15.44
14.39
10.67
25.12
9.53
8.53
8.82
10
5.12
5.53
6.33
10.42
38.18
41.93
18.55
9.54
9.48
27.19
20.18
22.63
0.77
2.01
6.95
15.66
15.23
5.76
8.91
4.63
7.46

BCCN (25) +I'HCCH (10)
'HCCC (38)

BCCS (42)

tCCCC (28) 4BCCS (14)
THCCH (45)

THCCH (38)

THCCH (32)

I'CCCH (22)

I'CCCH (40) +'HCCH (12)
ICCCH (24)

I'CCCH (28)

I'CCCH (34)

I'CCCH (10) +FHCCH (46)
I'CCCH (42)

I'CCCH (38) +FHCCH (32)
'NCCH (36)

I'CCCH (32)

THCCH (14)

THCCH (26)

tCCCH (64) +I'HCCH (18)
tCCCH (26) +I'HCCH (40)
tCCCH (32) +THCCH (28)
tCCCH (44) +I'HCCH (16)
tCCCH (22) +THCCH (34)
tCCCH (30) +I'HCCH (10)
1CCCH (56)

1CCCH (48)

tCCCH (62)

BCSC (18) A'HCCH (30)
tCCCH (28) +I'HCCH (44)
I'CCCH (48)

I'CCCH (32)

I'CCCH (56)

I'CCCH (52)

T'CCCH (40)

BCCC (28) H'HCCH (64)
BHCO (72)

BHCC (40)

BHCC (64)

BHCC (58)

BHCC (36)

BHCC (68)

BHCC (48)



78 942 904 8.57  BCSC (26) AHCCH (42)

79 944 906 12.61 BCCO (34) +THCCH (16)
80 920 960 921 18.17 BHCC (48) +'HCCH (32)
81 961 922 4.06  BCCC (60) +1CCCC (10)
82 979 940 0.33  BCCC (36) +1CCCC (22)
83 980 941 1.26  BCCC (36) +1CCCC (18)
84 985 945 3.67 PBCCC (42)

85 1002 962 5.65 BCCC (58)

86 1012 971 5.78  BCCC (48) +THCCH (10)
87 1030 989 3.05 BCCC (62) H'HCCH (18)
88 1031 990 6.43  PCCC (42)

89 1033 991 8.03  BCCC (38) +CCCC (14)
90 1045 1003 15 ICCCH(46)

91 1048 1006 2.71  BCNC (22) +I'CCCH (15)
92 1015 1062 1019 17.31 BHCC (25) +CCC (10)
93 1064 1021 3.33 BCCO(38)

94 1074 1031 7.31  BCCC (42)

95 1077 1034 8.66 BCCC (28) +BCCC (14)
96 1089 1045 18.88 BCCN (40)

97 1072 1135 1089 14.08 vCS (42) +BCCC (35)
98 1145 1099 235  BHCC (33)

99 1151 1105 23.09 BHCC (38) +BCCC (35)
100 1161 1114 20.88 BHCC (25)

101 1167 1120 26.82 PBHCC (26)

102 1173 1126 18.19 BHCH (30) +BCCC (19)
103 1134 1180 1133 26.87 BHCH (23) +BCCC (32)
104 1187 1139 8 BHCC (38) +BCCC (44)
105 1190 1142 11.94 BCCC (26)

106 1221 1172 74.93 PBCCC (28)

107 1223 1174 22.88 BCCC (38) +CCC (12)
108 1243 1193 18.88 BCCN (32) +BCCC (26)
109 1204 1255 1205 42.93 VNC (35) +BHCC (18)
110 1261 1210 5.45  BCCC (18) +BHCC (10)
111 1267 1216 58.73 BCCN (22) +BHCC (12)
112 1276 1225 51.28 BCCC (19) HBHCC (21)
113 1289 1237 10.33 BHCC (20) +BCCC (20)
114 1245 1301 1249 23.29 yCC(12) +vNC (48) +BCCH(20)
115 1317 1264 24.29 BHCC (25) +BHCC (18)
116 1319 1266 35.26 BCCC (28) +HCC (36)
117 1325 1272 25.26 BCCC (26) HHCC (10)
118 1327 1274 1452 BCCC (32) +HCC (14)
119 1328 1275 81.31 PBCCN (25) +BHCC (12)

120 1334 1280 596 BCCC (28) HHCC (15)



121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

1307

1369

1402

1430

1463

1570

1661
2756
2805
2854

1340
1343
1347
1365
1374
1382
1401
1404
1407
1411
1418
1441
1466
1471
1488
1489
1491
1497
1498
1502
1504
1509
1512
1518
1520
1524
1586
1605
1611
1614
1616
1633
1639
1661
1758
2878
2994
2999
3010
3013
3020
3024
3025

1286
1289
1293
1310
1319
1326
1345
1348
1350
1354
1361
1383
1407
1412
1428
1429
1431
1437
1438
1442
1444
1448
1451
1457
1459
1463
1522
1540
1546
1549
1551
1567
1573
1594
1687
2762
2874
2878
2889
2892
2899
2902
2903

8.7
9.2
21.21
20.3
38.08
3.98
46.67
4.33
19.72
15.83
7.74
28
14.73
36.77
35.43
15.82
23.5
91.29
11.56
13.92
21.38
49.46
6.99
19.19
44.69
31.53
25.84
22.15
56.22
3.35
26.23
39.59
55.67
25.29
100
66.52
7.53
12.49
37.31
4.81
30.37
24.01
6.07

BCCC (32) +3HCC (10)
BCCC (30) +BHCC (22)
BCCN (38) +BHCC (10)
BCCC (25) +BHCC (12)
BCCC (28) +BHCC (15)
BHCH (32) +BHCC (10)
BCCC (30) +BHCH (22)
BCCC (38) +3HCH (10)
BCCC (25) +BHCH (12)
BCCC (28) +3HCH (15)
BHCC (32) +BHCH (10)
BHCC (30)

BHCC (62)

BHCH (38)

VCC (41) +BCCC (25)
VCC (42) +BCCC (24)
VCC (32) +BCCC (48)
VCC (28) +BCCC (16)
VCC (30) +BCCH (25)
VCC (52) +BCCH (28)
yCC(23) +BCCH(28)
BCCC (38) +BCCH(10)
BHCH (73)

VCC (66) +BHCH (58)
VCC (46)+ BHCH (32)
vCC (60)

vCC (62)

vCC (55) +BCCC (30)
vCC (68)

vCC (75)

vCC (72)

vCC (78)

vCC (75)

vCC (83)

vCO (100)

VCHaIiphatic (98)
VCHaiiphaiic(68)
VCHaIiphatic(75)
VCHaiiphatic(86)
VCHaliphatic(82)
VCHaIiphatic(77)
VCHaidende (94)
VCHaIiphatic(Sl)



164 3044 2922 34.89 VCHa|iphatic(68)

165 2928 3045 2923 27.33  vCHaiphatc(71)
166 3058 2935 26.19  VCHaiphaic(92)
167 3081 2957 37.97  VCHaiphaie(58)
168 3086 2962 32.28  vCHaiphatic(56) +vCHaromai (32)
169 2957 3087 2963 34.01  vCHaipnaic (88)
170 3007 3160 3033 10.99  vCHaromai (99)
171 3167 3040 3.05  vCHaromai (82)
172 3170 3043 2.06  vCHaromati (80)
173 3174 3046 1151  vCHaromati (88)
174 3177 3049 8.33  vCHaronatc (85)
175 3052 3178 3050 28.7  vCHaromati (89)
176 3186 3058 1153 vCHaromati (91)
177 3187 3059 24.2  vCHaromati (98)
178 3192 3064 2.95  vCHaromaic (74)
179 3193 3065 25.53  vCHaromati (92)
180 3194 3066 16.94  vCHaromati (96)
181 3195 3067 19.82  vCHaromati (95)
182 3215 3086 7.75  VCHaromai (88)
183 3216 3087 8.75  vCHaromaic (99)

v - stretching - in-plane bendings - torsional vibrations]” - out of plane bending
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Scheme 1. Synthesis of CZPTZA



ACCEPTED MANUSCRIPT

Fig. 1. Structure of CZPTZA: a) ORTEP view and b) optimized structure.
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Fig. 2. @ FT-IR spectrum of CZPTZA. b) Simulated FT-IR spectrum of CZPTZA.



ACCEPTED MANUSCRIPT

Fig. 3. Mulliken charge distribution of CZPTZA indicated by color.
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Fig. 4. Experimenta and simulated UV -Vis spectraof CZPTZA.



HIGHLIGHTS

* A novel CZPTZA has been synthesized by adopting multistep synthetic strategy.

» Experimenta and theoretical studies are in harmony with each other.

e  Smal HOMO-LUMO band gap indicates that charge transfer occursin the title compound.

* NLO anaysis shows that the title compound would serve as an effective NLO material.



