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Three novel triphenylamine based fluorescent molecular rotors (FMRs) are designed and synthesized to study the
effect of auxiliary methoxy substituent on aggregation induced emission (AIE) and viscosity sensitivity. Instead

AIE of elongated, short conjugated dicyanovinyl derivatives are preferred for the improved AIE and viscosity sen-

ICT and TICT
Viscosity sensitivity
NLO

sitivity properties. The sensitivity study of fluorescence emission towards viscosity and polarity of organic
solvents was investigated by UV visible solvatochromism study, while AIE study was performed in DMF-water
mixture of solvents. All the compounds were well characterized by 'H and **C NMR, mass spectra IR as well as

elemental analysis. They exhibited very good solid state emission between 544-620 nm. High values for their
first and second order hyperpolarizability (378-1755 x107-36 e.s.u) are observed. ‘Two photon absorption cross
sections’ are in the range of 168-229 GM for 3. Effective charge transfer is elucidated using Mulliken Hush

analysis.

1. Introduction

Due to its intramolecular charge transfer (ICT) ability triphenyla-
mine based donor-acceptor organic compounds find applications in
photovoltaic, dye sensitized solar cells (DSSCs) [1-5], ‘organic light
emitting diodes’ (OLEDs) [6,7], ‘organic thin field effect transistors’
(OFETs) [8], sensors [9,10] and organic electronic devices [11]. Ef-
fective ICT for improved optoelectronic properties can be realized with
the combination of strong donor and acceptor in the presence or ab-
sence of ; bridge conjugation between donor and acceptor [12]. In
general, donor-n-acceptor compounds exhibit intramolecular or twisted
intramolecular charge transfer (TICT). TICT is a dark state in which
quenching of fluorescence takes place due to twisting of molecule in the
excited state in polar solvents leading to the nonradiative relaxation
with the bathochromic shift, and these molecules are referred to as
Fluorescent Molecular Rotors (FMRs) [13]. It is always beneficial to
synthesize FMRs which show enhancement of fluorescence in both
micro and macro environment [14-16].FMRs have biological applica-
tions like probes in vapor sensing [17], bioimaging [18] as biosensors
[15].

Cyano group has been used in designing molecules optoelectronic
devices because of its high polarizability and structural simplicity [19].
A combination of very good electron donating triphenylamine and
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highly electron accepting cyano group creates AlEgens [20,21] with
donor-m-acceptor structures, which show very good solvatochromism,
TICT, AIE as well as long wavelength emissions [20]. Recently, ag-
gregation induced emissive dyes were extensively applied in OLEDs
[22-26], solar cells [27], lasers [28], fluorescent probes [29], explosive
detection, live cell bioimaging [30-32] and ion detection [33-36].

Triphenylamine based solid state emitters have wide applications in
the field of OLEDs [37,38], DSSCs [39], lasers [40], nanoprobes for
biomedical imaging [30], nanoparticles [41], Security printing, data
storage and recording [42]. Solid state fluorescent compounds showing
AIE property are of interest nowadays as they have wide applications in
industries and research. [43].Introduction of electron donating or ac-
cepting groups leads to alteration in molecular packing and decreases
HOMO LUMO energy band gap are investigated to adopt solid state
fluorescence [44].

Previously our group has reported triphenylamine styryl derivatives
[45], as well as triphenylamine isophorone based styryl with methoxy
as an auxiliary donor [13], which show viscosity sensitivity, ICT as well
as TICT emission. But, extended conjugation can hinder their AIE as
well as viscosity sensitivity properties [14,19]. Here, we synthesized
mono (1), di (2) and tri (3) methoxy substituted triphenylamine based
simple dicyanovinylene derivatives with decreased conjugation length.
Three derivatives including D-5t-A (1) architecture with one methoxy as
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Fig. 1. Structure of the synthesized derivatives.
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Fig. 2. Scheme 1. The synthetic route for compounds 1-3.

an auxiliary donor, A-n-D-nt-A (2) with two methoxy auxiliary donors
and A-rt-D-mt-A (3) with three methoxy auxiliary donors were designed
to exhibit efficient FMR properties due to the freely rotating phenyl
groups as well as rotating double bond of styryl unit. Additionally, as all
the dyes show very good solid state fluorescence, enhanced AIE with
the increasing percentage of water can be realized. All the dyes show
quenching of fluorescence in polar solvents, but fluorescence en-
hancement in the viscous environment due to the hindering of free
rotation of phenyl groups around C-N bond. All these dyes show very
good solvatochromism, AIE, solid state fluorescence, and viscosity
sensitivity and also high values of NLO properties compared to the three
dyes without methoxy group [46] which leads to potential applications
in the optoelectronic field as well as their capability to act as

NLOphores.
2. Materials and methods

Iodobenzene and potassium tertiary butoxide were purchased from
Sigma Aldrich, India and remaining chemicals ordered from SD fine
chemicals, Mumbai. 'H NMR and '>CNMR spectra were recorded on
Agilent 500MHz NMR.CDCl3-d is wused as solvent and
Tetramethylsilane (TMS) as an internal standard. Fourier Transform
infrared spectroscopy (FTIR) was performed on instrument SHIMADZU
FTIR Japan 8400. Mass spectra are performed on Varian Inc USA,410
Prostar Binary LC with 500 MS IT PDA detector in SAIF, IIT Bombay.
The absorption spectra of the compounds were recorded on a Perkin
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Fig. 3. Normalized absorption and emission graphs of all compounds in CHCI3 solvent.
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Fig. 4. Absorption and emission spectra of 1 in different organic solvents.
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Fig. 5. Absorption and emission spectra of 2 in different organic solvents.

Elmer Lambda 25 UV-vis spectrophotometer; emission spectra were
recorded on Varian Inc. Cary Eclipse spectrofluorometer. A concentra-
tion of 2.5 X 10~® mol L was used in all the measurements. The
quantum yield was calculated using coumarin 6 (¢ = 0.94 in chloro-
form) as a reference standard by the relative quantum yield calculation
method. DFT calculations were done by using Gaussian 09 software
using 6-31g (d) basis set and the functionals, CAMB3LYP and
BHandHLYP.

3. Experimental section

Mono, di, and tri methoxy triphenylamine styryl derivatives were
synthesized from respective aldehydes by following the same procedure
as given in the literature. The respective aldehydes were synthesized by
following the same procedure reported by our group [13,47]
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Fig. 6. Absorption and emission graphs of 3 in different organic solvents.

Table 1

Photophysical parameters of 1.
Solvent Nabs €max x 104 Nems Stokes Shift FWHM [0 f Heg Kr Knr T

nm Lmol ~ 1™ nm nm cm-1 nm Debye x10°8 x10'° ns
Toluene 443 4.7 525 82 3525 61 0.010 0.77 8.55 3 2.89 0.03
Dioxane 436 5.4 548 112 4687 59 0.012 0.87 8.98 2.83 2.27 0.04
DCM 446 6.4 590 144 5472 59 0.016 0.89 9.23 2.59 1.56 0.06
Chloroform 449 5.6 567 118 4635 58 0.023 0.76 8.5 2.18 8.99 0.10
EA 439 5 573 134 5327 57 0.017 0.88 9.07 2.47 1.36 0.07
Acetone 440 5.7 587 147 5691 63 0.013 0.92 9.29 2.48 1.8 0.05
DMF 445 5.7 558 113 4550 61 0.009 1.04 9.92 2.64 2.64 0.03
Acetonitrile 440 5.6 581 141 5515 60 0.005 0.85 8.92 2.43 4.23 0.02
MeOH 442 5.6 562 120 4830 63 0.006 0.99 9.66 2.6 3.8 0.02
- 2.2Hz, 1H), 6.35 (d, J =2.2Hz, 1 H), 3.67 (s, 3H).
514nm S45nm 620nm 3¢ NMR (126 MHz, CdCl3) 6 160.83, 155.43, 151.78, 145.09,
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Fig. 7. Solid state emission graphs of all compounds.

3.1. (E)-2-(4-(Diphenylamino)-2-methoxybenzylidene) but-3-ynenitrile
(D-

To the solution of 4-(diphenylamino) 2-methoxybenzaldehyde
(0.2g, 6.6 mmol) and malononitrile (0.04g, 6.8 mmol) in absolute
ethanol 0.1 ml of piperidine were added. The mixture was refluxed for
1 h. On completion of the reaction, the reaction mixture was cooled to
room temperature. Solid precipitated out was filtered and washed with
a small amount of ethanol to isolate pure product as yellow solid. (0.2 g
78% yield, melting point: 194-196 °C)

'H NMR (500 MHz, cdcls) 8 8.14 (d, J =9.1 Hz, 1 H), 8.09 (s, 1 H),
7.39 (dd, J = 8.2, 7.6 Hz, 4H), 7.27 - 7.19 (m, 6 H), 6.53 (dd, J = 9.1,

130.07, 129.88, 126.84, 126.16, 116.05, 114.79, 112.80, 111.88,
99.93, 73.39, 55.64.

Elemental analysis: Molecular formula- C,3H;7N30; Expected C,
78.61 H, 4.88N, 11.96. Obtained - C, 78.64 H, 4.87 N, 11.97.

Mass Data m/z-Expected 351.1372 obtained-m/z+1-352.2

IR spectra (KBr Pellet) - 2214.13 (CN), 1589.23, 1564.16, 1490.87,
1352.01, 1303.79, 1232.43, 1159.14, 1122.49, 1027.99, 817.76,
757.97, 702.04.

3.2. 2,2’(((Phenylazanediyl)bis(methoxy4, 1phenylene))bis
(methanylylidene))dimalononitrile(2)-

To the solution of (4,4-(phenylazanediyl) bis (2-methox-
ybanzaldehyde) (0.2g,5.54mmol) and malononitrile (0.037 g,
6.65 mmol) in 10 ml absolute ethanol, 0.1 ml of piperidine was added.
The mixture was refluxed for 1 h. On completion, reaction mixture was
cooled to room temperature. Solid precipitated out was filtered and
washed with small amount of ethanol to isolate pure product as red
solid (0.18 g Yield: 75%, melting point: 198 °C)

H NMR (500 MHz, CdCl3) & 8.20 (s, 1 H), 8.18 (s, 1 H), 8.15 (s,
1H), 7.44 (t, J =7.5Hz, 2H), 7.34 (t, J =7.5Hz, 1H), 7.19 (d, J
=7.5Hz, 2H), 6.74 (d, J = 8.5 and 2Hz, 1 H), 6.72 (d, J = 8.5, 2.0 Hz,
1H), 6.59 (d, J =2Hz, 2H), 3.74 (s, 6 H).

13C NMR (126 MHz, CdCl;) § 160.34, 153.13, 152.08, 144.27,
130.36, 130.10, 127.42, 127.38, 115.75, 115.73, 115.00, 113.77,
104.93, 77.66, 55.96.

Elemental analysis- Molecular Formula- CysH;9N505, Expected-C,
73.51 H, 4.19N, 15.31,0btained- C, 73.54 H, 4.18 N, 15.32.

Mass Data m/z-Expected 457.1539 obtained-m/z+1-457.3

IR spectra (KBr Pellet) - 2217.98 (CN), 1589.23, 1560.66, 1487.01,
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Fig. 9. Normalized absorption and emission spectra of all compounds.

1336.58, 1278.72, 1220.86, 1157.21, 1118.64, 1026.06, 918.05, for 1 h. On completion, the reaction mixture was cooled to room tem-
840.91, 744.47, 692.40 perature, solid precipitated out was filtered and washed with small
amount of ethanol to isolate pure product as red solid (0.2 g, Yield-65%,
melting point:190 °C).

'H NMR (500 MHz, dmso) § 8.32 (d, J =8.4Hz, 2H), 8.03 (dd,
J =6.4, 49Hz, 2H), 6.98 (s, 1 H), 6.92 (s, 1 H), 6.87 (d, J =6.4Hz,
2H), 6.83 (d, J =8.4Hz, 2H), 5.73 (s, 3H), 3.78 (s 3H), 3.47 (s, H).

13C NMR (201 MHz, DMSO-dg) 6 163.01, 160.71, 154.16, 154.03,
152.58, 152.18, 130.87, 130.13, 117.82, 117.25, 116.65, 115.52,

3.3. 2,2’,2”-((Nitrilotris(2-methoxybenzene4, 1diyl) )tris
(methanylylidene))trimalononitrile-(3)-

To the solution of 4, 4/, 4”nitrilotris (2-methoxybenzaldehyde)
(0.2 g, 4.47 mmol) and malononitrile (0.031 g, 5.57 mmol) in absolute
ethanol and 0.1 ml of piperidine was added. The mixture was refluxed
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Fig. 10. Lippert Mataga, Weller and Rettig plot.

114.15, 108.12, 107.39, 78.48, 72.71, 70.20, 60.64, 56.87, 55.29s.
Elemental analysis- Molecular Formula- C33H5;N,05
Expected C, 70.33 H, 3.76 N, 17.40 Obtained- C, 70. 34 H, 3.77 N,
17.41
Mass Data m/z-Expected 563.1706.1372 obtained-m/z+1 -564.1
IR spectra (KBr Pellet) - 2219.91 (CN), 1560.30, 1488.94, 1423.37,
1338.51, 1284.50, 1222.79 1064.63.792.69, 696.25. (Fig. 1 and 2)

4. Photophysical properties

Photophysical properties including absorption Aax, €mission Apay,
molar extinction coefficient, and quantum yield for all the three com-
pounds were studied in nine different organic solvents of variable po-
larities. The spectroscopic study was performed using 2.5 X 10~ Mol
L7 concentration. They show absorption in 436-480 nm region and
emission wavelength in 500-580 nm region, while Stokes shift from 29
—147nm and 1231-5691cm™ Fig. 3 represents the normalized ab-
sorption and emission graphs of 1, 2, and 3 in chloroform. For 2, high
energetic first shoulder peak was observed at 390 nm that can be as-
signed for the m-t* transition while the low energetic main peak at
480 nm can be attributed to ICT peak from donating triphenylamine to
acceptor dicyanovinyl group. [48] (Figs. 4-6)

Absorption wavelength, A,.x and molar extinction coefficient in-
crease in the order of 1 < 3 < 2. The compound 1 shows emission
maximum at 525-590nm, the compound 2 and 3 show emission
maximum at 500-577 nm with quenching of fluorescence in polar sol-
vents like DMF, acetonitrile, and methanol. Oscillator strength and
transition dipole moment increase in the order 1 < 2 < 3 and the
highest value of oscillator strength (1.79) and transition dipole moment
(13.04) were observed for 3 in DMF which is due to the presence of

additional methoxy group. As a number of methoxy group increases the
oscillator strength and transition dipole moment increase [49]. The
nonradiative rate constant K, is higher than radiative rate constant K,
which represents the TICT characters of the compounds. The fluores-
cence lifetime is measured using the equation S5 given in supporting
information and it is very less for compound 1(0.02-0.1 ns) while it is
comparatively higher in dioxane for compound 2 and 3 (0.9ns and
0.65 ns respectively). Table 1 represents all the photophysical proper-
ties of 1 in all the solvents using the equation S1-S5 given in supporting
information. Table S1 and S2 represents all photophysical properties of
2 and 3

All the three compounds exhibited very well solid state emission.
The compound 1 shows emission maximum at 545 nm, the compound 2
shows emission maximum at 620 nm, and the compound 3 shows two
emission maxima at 514 and 544 nm. All these emissions were obtained
with the excitation at 450 nm wavelength. Fig. 7 represents the nor-
malized graph of solid state emission.

We compared the absorption and emission of mono di and trisub-
stituted derivatives with and without methoxy group. compounds 1 and
3 show a bathochromic shift in absorption and emission intensity while
compound 2 shows a red shift in absorption and slight blue shift in
emission intensity around 4-16 nm shift compared to 5. There is no
measurable change in quantum yield. Synthesized derivatives show
very good solid state emission, AIE property, viscosity sensitivity and
also NLO properties. The comparative absorption and emission is given
in Fig. 8
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Fig. 11. Viscosity study of 1-3 in ethanol PEG 400.

4.1. Solvatochromism, Lippert mataga correlation, and Solvent polarity
function plots-

Fig. 9 represents the normalized emission spectra of 1, 2 and 3. All
these compounds show 65-76 nm shift in emission from nonpolar to
polar solvents. Hence to correlate the charge transfer, we have com-
pared the Stokes shift verses Lippert Mataga function (orientation po-
larizability) f;(e,n) and emission in cm™! verses weller and Rettigs
function in which the solvent dielectric constant and refractive index

are used. We have plotted Lippert Mataga [50] Weller and Rettig plot to
check the solvatochromism in all the three compounds (Fig. 10)
[51-54]. The equations for polarity functions are given in supporting
information. All the compounds show regression constant around 0.8-
0.9 for all functions which indicate effective charge transfer from donor
to acceptor. Weller plot indicates the ICT character and Rettig’s plot
indicates TICT characteristics of these compounds. Further, to check
whether compound shows TICT characteristics, we have done the
viscosity study of all these compounds in PEG 400 and ethanol mixture
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Fig. 12. Aggregation induced emission study of 1-3 in DMF water.

and found very good emission enhancement in a viscous environment.

4.2. Viscosity study of 1, 2, 3 in PEG-Ethanol mixture

To study the microenvironment effect on these compounds, we
carried the viscosity study of compounds in the mixture of viscous
polyethylene glycol (PEG 400) and polar solvent, ethanol. It was ob-
served that as we increase the percentage of PEG 400 in ethanol,
emission intensity increases which are due to the restriction of rotation
of freely rotating phenyl groups in a viscous environment. In the case of
compound 1, the blue shifted band appears with an increasing per-
centage of PEG which could correspond to emission from the LE state
and then dual emission is observed in the compound 1 which may be
due to the transfer of an electron from LE and CT. Compounds 2 and 3

show a single emission with increasing the percentage of PEG 400. In
the compounds 2 and 3, in polar solvents quenching of fluorescence
takes place due to the TICT state. In viscous solvents, emission intensity
increases with increasing viscosity due to the restriction of the TICT
formation rate. The viscosity sensitivity of compounds is calculated
using the Forster Hoffmann Eq. 6

Logl = C + xlogn, (€D
Where I is emission intensity, n is the viscosity of solvent C is constant x
determines the sensitivity of compound.

1, 2 and 3 shows around 6, 3.5 and 3 fold increase in emission in-
tensity respectively. (Fig. 11) Also from Forster Hoffman equation the
constant and sensitivity obtained for 1, 2, 3 was (R; = 0.9, X; = 0.31)
(R, = 0.8 X, = 0.20) and (R3 = 0.8, X35 = 0.12) respectively.
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Fig. 13. Two photon absorption plot of -3.

4.3. Aggregation induced emission enhancement (AIE) properties

The AIE characteristics of 1, 2 and 3 were investigated in a mixture
of DMF and water (Fig. 12). In DMF solvent, all the dyes show very
weak emission in their solution states. To determine whether these dyes
have AIE properties, the fluorescence spectra of dyes were measured in
a series of DMF-water mixture. The concentration was maintained at
2.5 x 107 °® mol L. For 1 with the addition of water in a solution of
DMF, the emission intensity was initially gradually decreased up to
30% DMF-70% water and then suddenly increased when 80% of water
was added. The highest AIE enhancement was observed with 90%
water in DMF. For 2 with the addition of water in a solution of DMF up
to 70% emission intensity was decreased and at 80% water- 20% DMF
again emission intensity was increased. In the case of 3, emission in-
tensity decreased with the increasing percentage of water suggesting
concentration quenching (ACQ) mechanism.

4.4. Two photon absorption? ??v)

Two photon absorption (TPA) is a nonlinear optical property which
depends on structural configuration, ICT with a low HOMO-LUMO band
gap of donor-m-acceptor groups and shows higher values of 228y [55].
TPA has applications in optical information storage, optical limiting
and photodynamic therapy [56]. We calculated TPA values by using the
equation given in reference [57]

, _ 12 In10710%L* (Go0)

= 5 NAhcznz (o

2
VA, o)

2n? + 2
L=(—
( 3 )
where? 281, is two photon absorption L is “Lorentzian local field factor,
N, is “Avogadro’s number”, h is “Planck’s Constant”, c is the “speed of
light”, n is the “refractive index” of solvent, ¢ is the “molar extinction
coefficient”, U is wavelength of absorption in cm ™ b
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1 shows TPA values around 61-166 GM. While 2 and 3 show
comparatively higher values than 1. As the band gap between HOMO
and LUMO energy of 2 and 3 is low they show higher values of two
photon absorption. Fig. 13 and Table 2 represents the two photon ab-
sorption values of all three compounds.

4.5. “Generalized Mulliken-Hush analysis” for charge transfer

To correlate the charge transfer obtained by solvatochromic data we
have calculated ‘oscillator strength’,” transition dipole moment’, the
‘degree of delocalization’ (C,?) and ‘strength of donor and acceptor’
(Hpa) and the ‘distance between donor and acceptor (Rpa) for all
compounds in toluene solvent using MH analysis [58,59].

‘Oscillator strength’ is calculated by using the equation

-9
f= 4.32 x 10 e (v)dv
n

Where n is’ refractive index’, ¢ is ‘molar extinction coefficient’ and {(v)

dv is ‘absorption coefficient area’.
‘Degree of delocalization’ is calculated by using the equation

o1 | Ak
G ==-0 3 5)
2 Moo + Aty

Where
2 3¢%h y f

e 2
8 8mPme vy

Where h is ‘Planck’s constant’, m is ‘mass of electron’ e is ‘charge on
electron’, c is ‘speed of light’ f is ‘oscillator strength’, v ‘frequency’.
Also ‘electronic coupling matrix’ Hp, is calculated using the equa-
tion
AEgei,,
Aﬂab

‘DA —

Where? ?y,, is ‘difference in adiabatic dipole moment’ and ‘transition
dipole moment’,

??Eg. is ‘vertical excitation energy’? ?y.; is ‘difference in dipole
moment in the ground state and excite state’.

Aﬂab =4 Alugze+4/‘tgze

Also ‘distance between donor and acceptor’ Rpa is calculated by
using the equation

\/AEgeamaxAvl/Z

Rpa = 2.06 X 1072
Hpa

Where? ?vq 5 is ‘band width’.

Values of Cy2 were found around zero (0.21-0.24) which shows a
total degree of delocalization in the molecule and indicated effective
ICT which is again correlated by using HOMO-LUMO energy band gap.
Table 3 and Table S3.All these compounds show higher values of os-
cillator strength as well as transition dipole moment. Oscillator strength
was found around 0.79-1.65 Debye. Compound 2 shows comparatively
higher values of Rp, (3.63) and low value of Hp, (9070). Hence less the
coupling constant matrix more is the charge separation between donor
and acceptor, as they are inversely proportional to each other.

Table 2

Two photon absorption values of compounds 1, 2, and 3.
Solvent=> Comp{ Toluene Dioxane DCM CHCl3 EA Acetone DMF ACN MeOH
1 131.55 136.29 98.00 61.22 126.12 166.99 154.64 114.52 107.53
2 189.48 147.75 159.69 186.72 165.24 112.04 155.33 132.69 120.58
3 174.01 181.36 229.19 187.05 168.83 183.79 201.22 172.56 178.83




S. Bhalekar, et al.

Journal of Photochemistry & Photobiology A: Chemistry 384 (2019) 112027

Table 3
Mulliken hush analysis of all compounds in Toluene.
Comp a9« JACP M—1em=1) f AUCT  pee Allge « baye Mlap 5 pere Cb? ¢ Hpa Rpai
2.96
3.63
3 6.5 3.74 1.64 15.17 12.62 29.44 0.24 9397 2.371
LUMO
deos
°
EL-EH EL-EH EL-EH
=2.18eV =1.88eV =1.91eV
9
s A
“ -
[ 4 > (4
b & 2
HOMO @
’ p ?
9
ak
Fig. 14. Frontier Molecular orbital (FMO) diagrams with a band gap energy of all compounds.
Table 4 Table 5

Vertical excitation, Oscillator strength orbital contribution of all compounds in
DMF.

Comparative values of Polarizability, First and second order hyperpolarizability
in all solvents by the solvatochromic method.

COmp  Aaps® MM Aghs® NN A M jd i uegf Major contribution
1 445 424 558 1.05 1.04 991 H —L99.01
2 469 489 576 1.25 1.32 11.5 H —L99.63
3 454 486 575 086 1.79 13.4 H —L99.43

5. DFT computation
5.1. Optimization of structures by TD DFT method
We optimized the geometry of all the three compounds in the gas

and solvent phase by using the 6-31 g (d) basis set with B3LYP func-
tional [60-62]. Fig.14 shows frontier molecular orbital (FMO) diagrams

Solvent ax10 % Bx10 %0 yx10 7%
1 2 3 1 2 3 1 2 3

Toluene 0.32 0.42 047 17 385 22 96 1622 21225
Dioxane 0.35 0.43 0.49 181 39.7 325 97 168.3  204.25
DCM 0.38 0.44 05 202 419 367 101.2 1462 208.56
CHCI3 0.32 045 052 161 433 37.25 103.2 150.32 289.25
EA 0.36 0.49 055 189 46.7 354 107.5 170.25 347.25
Acetone 0.38 0.63 0.58 19.4 487 39.24 109.25 200.3 351.25
DMF 0.44 0.62 0.69 232 59 405 110.24 222.8 345.25
Acetonitrile 0.43 0.64 0.7 23.5 59.6 424 123.58 224.35 400.25
MeOH 0.42 0.67 072 224 59.7 4256 120.25 238.25 421.25

Fig. 15. MEP plots of compounds.
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Table 6
Comparative values of dipole moment, Polarizability, First and second order hyperpolarizability in Toluene and DMF by DFT.
Comp Functional (W)Debye () Slo—24 Bo 107 %.5.u y*10=36e s u
Toluene DMF Toluene DMF Toluene DMF Toluene DMF
1 CAMB3LYP 13.77 16.29 57.55 69.99 102.58 184.06 398.25 456.07
BHandHLYP 13.35 16.48 56.52 68.46 102.23 169.15 378.23 448.22
2 CAMB3LYP 12.07 14.75 82.25 93.24 115.25 158.36 802.14 1206.35
BHandHLYP 12.23 14.70 80.25 92.35 101.67 150.25 787.25 1175.35
3 CAMB3LYP 6.001 7.83 87.36 114.46 8.25 20.6 838.5 1755.83
BHandHLYP 6.1 8.00 85.25 111.69 5.56 15.04 830.38. 1650.95
Comp 1 Comp 2 Comp 3
80
60
40
20
0
& @ (,@ F @ N4
’\&& 6‘6{6 ‘-éo Q“\ <.°°‘\&
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Fig. 16. Linear polarizability of 1-3 in solvents.
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Fig. 17. First order hyperpolarizability of 1-3 in solvents.
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Fig. 18. Second order hyperpolarizability of 1-3.

(HOMO and LUMO). From FMO diagrams it is noticed that HOMO is
located on the entire structure while LUMO is mainly present on di-
cyano group in both 1 and 2 while in case of 3 HOMO is located on the
entire structure while LUMO present only on two dicyanovinyl groups
while third dicyanovinyl group remains vacant which suggest that it
does not participate in the charge transfer process. In all three com-
pounds, in their HOMO level oxygen present in the methoxy group also
takes part in the charge transfer.

11

All the compounds show low band gap values (2.18 eV for 1, 1.88 eV
for 2 and 1.91 eV for 3) which indicated an effective intramolecular
charge transfer from donating triphenylamine and auxiliary methoxy to
accepting cyano takes place. Particularly, 2 and 3 exhibited the lowest
band gap than 1 indicating that with the increased number of acceptor
unit as well as auxiliary methoxy donor charge transfer ability of these
compounds was increased.

We have calculated oscillator strength f, major orbital contribution,
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and vertical excitation. The values of experimentally observed absorp-
tion and oscillator strength for compounds 1 and 2 have the same trend
as the theoretically obtained ones, and transition takes place from
HOMO-LUMO with 99% orbital contribution. (Table 4), while for
compound 3, the values obtained by DFT for oscillator strength is
around 0.86 while experimentally observed values are around 0.55-
1.79. Compound 2 shows comparatively higher value of absorption
than 3 by both experimental and DFT methods which reveal that third
dicyanovinyl group remains vacant which suggest that it does not
participate in the charge transfer process which is clearly shown in the
FMO diagrams hence compound 2 shows absorption at 469 and 489 by
experimentally and by TD DFT respectively while 3 shows 454 and 486
respectively which shows a similar trend in observed values and DFT
values.

Also, we have plotted ‘molecular electrostatic potential’ (MEP) plots
to find the electrophilic and nucleophilic reactive sites of all three
compounds. (Fig. 15) The electrophilic region is located on the dicyano
group and the nucleophilic region is mainly located on nitrogen and
phenyl rings.

6. Non linear optical properties
6.1. NLO properties by using Solvatochromism method

We have calculated the values for polarizability (a), first (f) and
second order hyperpolarizability(y) in different solvents [58,63,64]. All
the equations for calculations of a, 3 and y are given in the supporting
information (Section 3 NLO properties by the solvatochromic method.
All the three compounds show a, 3 and y values of by several folds
higher compared to urea. Table 5 represents all the values of a,  and vy
in different solvents and all these values increase with increasing po-
larity. Table 6 reveals that all the compounds show an increase in the
values of a, 3, and y with increasing polarity.

6.1.1. NLO properties by using the DFT method

NLO properties in push pull chromophores are dependent on the
effective intramolecular charge transfer from donor to acceptor from
the ground state to excited state which attributed to higher values of
linear polarizability and first order hyperpolarizability [65]. Polariz-
ability and hyperpolarizability occur due to the strong polarizations
between donor and acceptor in the presence of a strong electric field
[66,67]. NLO materials have fast response time, low refractive index
and dielectric constant, flexibility in structure and hence they have
applications in optoelectronic and photonic devices [68]. We have
calculated nonlinear optical properties like ‘dipole moment’ (i), ‘linear
polarizability’(ap), ‘polarizability anisotropy’ (Aa), ‘first order hy-
perpolarizability’ (f) and ‘second order hyperpolarizability’ (y) by using
functionals CAM B3LYP and BHandHLYP and 6-311+ g (d,p) basis
set.using the equations given below

dipole moment () is calculated by using the equation

=+ )2 3)
ao = (1/3) [oxx + Oy + 0zl )
Aa=2"12[(o + ayy) 4 (0 + O 2+ 603] (5)
(Bo) = (1/2) [B*x+ B +B] 6)

Biotat = (1/2) [([—”xxx + [—”xyy + ﬁxzz) 2 + (ﬁyyy + [—J)xxy + l’-}’yzz)2 + (ﬁzzz
+ Buz + Byya) % 7
vy = (1/5) [(yxaxx + Yyyyy t Yzz2z) t 2(Yxxyy t Yyyzz + Y201 8

Table 6 represents comparative values of dipole moment, polariz-
ability, first and second order hyperpolarizability in toluene and DMF.
Table S4 represents the NLO properties of all the three compounds in
different solvents computed using CAMB3LYP and BHandHLYP func-
tionals. 1 and 2 shows higher values of dipole moment (around 12-14
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Debye) and first order hyperpolarizability (102-162 x10°-30 e.s.u.-
compared to 3(dipole moment 6-8 Debye and B (5.56-20 x10°-30
e.s.u). All the compounds show higher values of second order hy-
perpolarizability (378-1755 x107-36 e.s.u). 3 shows comparatively
higher values of y than 1land 2. Also CAM B3LYP functional shows
comparatively higher values for a, 3, and y than BHandHLYP functional
in all the solvents for all three compounds. Figs. 16-18 indicates linear
polarizability, first order hyperpolarizability and second order hy-
perpolarizability of 1, 2 and 3 respectively.

7. Conclusion

In this paper, we report methoxy supported triphenylamine based
donor acceptor styryl dyes. Short conjugated malononitrile styryls were
preferred over long conjugated styryls for effective viscosity sensitivity
and AIE properties. They exhibited very good solvatochromism from
non-polar to polar organic solvents which were supported by solvent
polarity graphs. Viscosity sensitivity study in EtOH: PEG 400 mixture
was carried out and found to show around 3 to 6 fold emission en-
hancement in all the three compounds, highlighting their capability to
act as efficient FMRs. 1 and 2 show very good aggregation induced
emission enhancement in DMF- water mixture and hence can be used in
biological applications. FMO diagrams obtained by DFT method sup-
port effective intramolecular charge transfer (ICT) from HOMO to
LUMO. All the experimental values are in good agreement with the
theoretical values obtained from TD-DFT with major contribution
98-99 %. High values of their second order hyperpolarizability
(378-1755 x10°-36 e.s.u) were obtained for all three compounds, hence
they have the capability of showing good NLOphores properties.
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