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Abs trac t Blue emi t t ing 2-amino-4 - (3 , 4 , 5 - t r i
methoxyphenyl)-9-methoxy-5,6 dihydrobenzo[f]isoquinoline-
1-carbonitrile (AMQC) dye was synthesized by one-pot multi-
component reactions (MCRs) of 3,4,5-trimethoxybenzaldehyd,
malononitrile, 6-methoxy-1,2,3,4-tetrahydro-naphthalin-1-one
and ammonium acetate. Results obtained from spectroscopic
and elemental analysis of synthesized AMQC was in good
agreement with their chemical structures. Fluorescence polarity
study demonstrated that AMQCwas sensitive to the polarity of
the microenvironment provided by different solvents. In addi-
tion, spectroscopic and physicochemical parameters, including
electronic absorption, excitation coefficient, stokes shift, oscil-
lator strength, transition dipole moment and fluorescence quan-
tum yield were investigated in order to explore the analytical
potential of AMQC. Dye undergoes solubilization in different
micelles and may be used as a quencher and a probe to deter-
mine the critical micelle concentration (CMC) of SDS and
CTAB. Nonlinear optical parameters of AMQC dye shows
relatively lower nonlinear refractive index and nonlinear ab-
sorption coefficient at the power levels. Variation of n2 with
concentration is linear in the concentration range used in the
present study.
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Nonlinear refractive index

Introduction

In linear optics, various phenomena, like polarizibilty, absorp-
tion coefficient, refractive index, refraction etc., depend upon
the wavelength of the incident light only but are independent
of its intensity. In nonlinear optics [1] the interaction of radi-
ation with matter depends upon the intensity of incident radi-
ation also. After the advent of laser, several experiments have
been carried out to demonstrate the nonlinear optical behavior
of optical media. It was then established that the refractive
index also depends upon intensity, violation of superposition
principle has been, frequency of light can be altered when it
passes through a nonlinear optical medium. In fact nonlinear-
ity exists in the medium itself, rather than the incident radia-
tion. Nonlinearity has given birth to several new applications,
like second and third order harmonic generation, Kerr effect,
nonlinear refraction, and absorption etc. New devices have
been prepared on the basis of the nonlinear optical properties
of some materials.

Recently third order effects and nonlinear refraction in or-
ganic dyes were studied. These dyes are having very high
nonlinear refractive index and can be used as power limiting
devices and also as optical switches [2–7]. These studies also
lead to the compilation of several databases listing the nonlin-
ear optical properties of various known crystals, liquids, gas-
ses, dyes [8].

Researchers have developed many techniques to measure
the nonlinear refractive index and nonlinear absorption [9, 10]
namely, phase distortion method [13] degenerate four wave
mixing [11], nonlinear interferometery ellipse rotation [12].
Not only these techniques have very complicated
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experimental setups but also very expensive instruments have
been used. Recently Z-scan technique [14, 15] has been intro-
duced which is very simple, low cost as well as highly sensi-
tive. It is a single beam method, where principles of spatial
beam distortion have been used to measure both the sign and
magnitude of the optical nonlinearity. Due to its simplicity and
easy determination of nonlinear absorption and nonlinear re-
fraction in solids, liquids, composite glasses and semiconduc-
tor material [16, 17], now a days this technique has been used
by several researchers.

Nitrogen containing organic molecules such as pyrazolines
pyrazoles, pyrimidines are important class of the heterocyclic
compound in the field of medicinal chemistry. They are used as
anti-bacterial [18], anti-tumor, anti-cancer [19], anti-viral agents
[20]. During these days organic molecules are also applicable in
the field of material sciences such as optical limiting [21], op-
tical switching [22], electronic device [23], polymer coating
[24], second order and third order non linear optical properties
[25]. Due to numerous application of the nitrogen containing
heterocyclic compounds, in this paper we prepared the new
blue emitting 2-amino-4-(3, 4, 5-tri methoxyphenyl)-9-
methoxy-5,6 dihydrobenzo[f]isoquinoline-1-carbonitrile
(AMQC) dye and its physicochemical and non linear optical
properties were investigated.

Experimental

Chemicals and Reagents

The 3,4,5-trimethoxybenzaldehyd, 6-methoxy-1,2,3,4-
tetrahydro-naphthalin-1-one, malononitrile and ammonium
acetate were purchased from Acros Organic. Other reagents
and solvents (A.R.) were obtained commercially and used
without further purification, except dimethylformamide
(DMF), ethanol and methanol.

Apparatus

Melting points were recorded on a Thomas Hoover capillary
melting apparatus without correction. FT-IR spectra were re-
corded on a Nicolet Magna 520 FT-IR spectrometer. 1 H-
NMR and 13C-NMR experiments were performed in CDCl3
on a Brucker DPX 600 MHz spectrometer using tetramethyl
silane (TMS) as internal standard at room temperature. UV-
Vis electronic absorption spectra were acquired on a
Shimadzu UV-1650 PC spectrophotometer. Absorption spec-
tra were collected using a 1 cm quartz cell. Steady state fluo-
rescence spectra were measured using Shimadzu RF 5301 PC
spectrofluorphotometer with a rectangular quartz cell.
Emission spectra were monitored at right angle. All fluores-
cence spectra were blank subtracted before proceeding in data
analyses.

Z-Scan Measurement

The nonlinear refractive index n2 and nonlinear absorption
coefficient β have been measured by Z-scan technique, pro-
posed by Shiek Bahae et al. [14], which is a very simple, yet
highly sensitive technique, based on the principle of spatial
beam distortion. This technique provides the value of nonlin-
ear refractive index and its sign, and the nonlinear absorption
coefficient. From these, the real and imaginary parts of the
third order nonlinear susceptibility χ(3) can easily be comput-
ed. An Ar ion laser Gaussian beam profile at 488 nm and
power 75 mW is tightly focused by a convex lens having focal
length of 50 mm. The sample is kept in 1 mm cuvette and is
translated along the (Z-direction). The details of the experi-
mental setup have been explained in our earlier papers [26, 27].

2-Amino-4-(3,4,5-tri Methoxyphenyl)-9-Methoxy-5,6
Dihydrobenzo[f]Isoquinoline-1-Carbonitrile (AMQC)

A one-pot mixture of the 3,4,5-trimethoxybenzaldehyd,
(10 mmol), 6-methoxy-1,2,3,4-tetrahydro-naphthalin-1-one
(1.46 g, 10 mmol), malononitrile (0.66 g, 10 mmol) and am-
monium acetate (6.2 g, 80 mmol) in absolute ethanol (25 mL)
was refluxed for 6 h [28]. The reaction mixture was allowed to
cool, and the resulting precipitate was filtered, washed with
water, dried and recrystallized from ethanol and chloroform.
EI-MS m/z (rel. Int. %): 419 (62) [M + 1]+.; IR (KBr) vmax
cm−1: 3452 (NH2), 2954 (C-H), 2216 (CN),1565 (C = C),
1258 (N = C); 1 H NMR (600MXz CDCl3) δ: 8.14 (d, 1 H,
CHAr, J = 9.6 Hz), 7.82 (s,1 H, CHAr), 6.96 (d, 1 H, CHAr,
J = 2.4 Hz), 6.92 (s, 1 H, CHAr), 6.68 (s, 1 H, CHAr), 5.16 (s,
2 H, NH2) 3.98 (s, 3 H, OCH3), 3.94 (s, 3 H, OCH3), 3.86 (s,
3 H, OCH3), 3.82 (s, 3 H, OCH3), 2.78–2.74 (m, 2 H, C5),
2.68–2.56 (m, 2 H, C6); 13CNMR (CDCl3) δ: 162.56, 158.56,
157.58, 154.76, 152.72, 150.72, 149.16, 143.13, 141.86,
127.98 (Ar-C), 117.86 (CN), 115.72, 114.13, 113.12,
112.25, 108.36, 97.18, 95.24, 91.35, 56.70, 27.96 (C6),
26.12 (C5); Anal. calc.for C24H23N3O4: C, 69.05, H, 5.55,
N, 10.07. Found: C, 68.88, H, 5.48, N, 9.82.

Result and Discussion

Chemistry

2-amino-4-(3, 4, 5-tri methoxyphenyl)-9-methoxy-5,6
dihydrobenzo [f] isoquinoline-1-carbonitrile (AMQC) was
synthesized by one-pot multicomponent reactions (MCRs)
of 3,4,5-trimethoxybenzaldehyd, malononitrile, 6-methoxy-
1,2,3,4-tetrahydro-naphthalin-1-one and ammonium acetate
(Scheme 1). The purified product was characterized by the
FT-IR, 1 H-NMR, 13C-NMR and EI MS spectra. The IR spec-
trum of AMQC shows the characteristic band at 3452 cm−1
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due to presence -NH2 group and at 2216 cm
−1 attributed to the

CN group. IR spectra shows sharp peek at 1258 cm−1 due
presence of C = N stretch which conforms to formation of
quinoline. 1 H-NMR spectra, which prove diagnostic tool for
the positional elucidation of the proton. Assignments of the
signals are based on chemical shift and intensity pattern. The
1 H-NMR spectra of AMQC measured at room temperature
shows one singlet at 5.16 ppm for the NH2. The appearance
of three singlets at δ 7.82, 6.92 and 6.68 and two doublet at δ
8.14 and 6.96was due to aromatic protons and twomultiplets at
δ 2.78–2.74 and 2.68–2.56 ppm corresponding to the benzylic
protons (C5-H and C6-H respectively). Moreover, 13C-NMR
spectra showed signals at δ 27.96 ppm and at δ 26.12 ppm due
to C6 and C5, respectively and the structure of the compounds
was further confirmed due to presence of CN group at δ
117.86 ppm. Finally characteristic peaks were observed in the
mass spectra of AMQC by the molecular ion peak. The mass
spectrum ofAMQC shows amolecular ion peak (M+.) m/z 419.

Spectral Behavior of 2-Amino-4-(3, 4, 5-tri
Methoxyphenyl)-9-Methoxy-5,6 Dihydrobenzo[f]
Isoquinoline-1-Carbonitrile (AMQC)

Absorption and emission spectra of 1 × 10−5 mol dm−3

AMQC dye in various non-polar, polar aprotic and protic sol-
vents were studied (Fig 1 and Fig 2). Calculated physicochem-
ical parameters obtained from steady state absorption and
fluorescence spectra are tabulated in Table 1. As seen in Fig
1 polarity of solvent has an effect on the absorption maxima.
AMQC show a broad absorption band at 368–384 nm region

with a red shift of 16 nm on going from n-hexane to DMSO
indicating that the allowed transition is π-π* with charge
transfer character. On excitation at 360 nm, the emission spec-
trum of AMQC shows a large red shift of 32 nm on changing
the solvent polarity from n-hexane (400 nm) to DMSO
(432 nm). This indicates that photoinduced intramolecular
charge transfer (ICT) occurs in the singlet excited state from
the electron donating substituent O-CH3 group to the electron
acceptor CN group of the molecule and therefore the polarity
of AMQC increases on excitation. Further, a considerable dif-
ference in the magnitude of Stokes shift was observed from
2173 to 2893 cm−1 on changing the solvent polarity from non
polar to polar, indicating that the excited state is different from
the ground state. As seen in Fig. 1 and Fig. 2 absorption
spectra show little sensitivity to change in solvent polarity,
but emission spectra show a large red shift with increasing
solvent polarity, confirming the presence of π-π* transitions
in AMQC and stabilization of highly dipolar excited state in
polar solvents.

The energy of absorption (Ea) and emission (Ef) spectra of
the AMQC in different solvents correlated with the empirical
Dimroth polarity parameter ET (30) [29] of the solvent
(Fig. 3). A linear correlation between the energy of absorption
and emission versius polarity of solvents was obtained (Eq. 1
and 2), implying potential application of these parameters to
probe the microenvironment of AMQC.

Ea ¼ 75:17–0:1032� ET 30ð Þ ð1Þ
Ef ¼ 68:28–0:257� ET 30ð Þ ð2Þ

O

CH3

O

CN

CN

NH4OAc

EtOH

N

NH2

CN

O
CH3

O

CH3O
CH3

O

CH3

O

O

O O

H

+ +

Scheme 1 Synthesis of AMQC
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Fig. 1 Electronic absorption spectra of 1 × 10−5 mol dm−3 of AMQC in
different solvents
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Fig. 2 Emission spectra of 1 × 10−5 mol dm−3 of AMQC in different
solvents
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Determination of Oscillator Strength and Transition
Dipole Moment

The solvatochromic performance of AMQC allows to estab-
lish the difference in the dipole moment between the excited
singlet and the ground state (Δμ = μe – μg). This variation can
be obtained using the simplified Lippert- Mataga equation as
follows [29, 30]:

Δνst ¼
2 μe−μg

� �2

hca3
Δf þ Const: ð3Þ

Δ f ¼ D−1
2Dþ 1

−
n2−1

2n2 þ 1
ð4Þ

where Δνst is known as Stokes–shift which decreases with
decrease in the solvent polarity indicating toweek stabilization of
the excited state in non polar solvents [29]. Δf is the orientation
polarizability of the solvent, μe and μg are the dipole moments in
the excited and ground state, respectively which measures both
electronmobility and dipolemoment of the solventmolecule. c is
the speed of light in vacuum, a is the Onsager cavity radius and h
is Planck’s constant, n and ε are the refractive index and dielectric

constant of the solvent in eq. 3 respectively. The Onsager cavity
radius was chosen to be 4.2 Å because this value is comparable
to the radius of a typical aromatic fluorophore [31].

Δνss is the Stokes shifts of the AMQC in different solvents
were deliberate, as shown in Table 1, using the following the
equation [32]:

Δνss ¼ νab−νem ð5Þ

where Δνss is the difference between λmax of the νab and
νem indicate the wavenumbers of absorption and emission
maxima (cm−1) respectively.

The change in dipole moments (Δμ) between the excited
singlet and ground state were calculated from the slope of plot
of Stokes shifts (Δνss ) and orientation polarizability of the
solvent (Δf) as 4.95 Debye for AMQC respectively Fig. 4,
positive value indicating that the excited sate is more polar
than the ground state.

The change in transition dipole moments (Δμ12) between
the excited singlet and ground state of AMQC in various sol-
vents were calculated as in Table 1, using the eq. 6 [33].

μ12
2 ¼ f

4:72 � 10−7 � Emax
ð6Þ

Table 1 Spectral data and fluorescence quantum yield (φf) of AMQC dye in different solvents

Solvent Δf
EN
T

ET (30)
Kcal mol−1

λab(nm) λem(nm) ε
M -

1 cm−1

f μ 12

Debye
Δν
(cm−1)

Φf

EtOH 0.305 0.654 51.9 379 423 15,610 0.17 3.69 2745 0.43

MeOH 0.299 0.762 55.4 377 421 20,700 0.22 4.19 2773 0.38

DMSO 0.266 0.441 54.1 384 432 17,810 0.20 4.03 2893 0.26

DMF 0.263 0.404 43.8 380 426 18,490 0.21 4.11 2841 0.30

CHCl3 0.217 0.259 39.1 376 412 23,460 0.21 4.09 2324 0.23

CH2Cl2 0.255 — 40.7 375 409 22,800 0.20 3.98 2217 0.32

Acetonitrile 0.304 0.472 45.6 373 417 20,840 0.23 4.26 2829 0.39

Dioxan 0.274 0.164 36 377 415 20,670 0.20 3.99 2429 0.33

THF 0.148 0.210 37.4 374 416 19,150 0.20 3.98 2699 0.29

n-Hexane 0.0014 31.1 368 400 18,300 0.15 3.41 2173 0.37
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where Emax is the maximum energy of absorption in
cm−1and f is the oscillator strength.

The oscillator strength ( f ), can be calculated using the
following equation:

f ¼ 4:32� 10−9
Z

ε ν
� �

dν ð7Þ

where v represents the numerical value of wavenumber
(cm−1) and ε is the extinction coefficient (Lmol−1 cm−1).
Oscillator strength values of AMQC in various solvents were
calculated from the equation no. 7 and reported in Table 1,
[34].

ET (30) and E
N
T is the empirical Dimroth polarity parameter

of AMQC was also premeditated according to the following
equation [35].

EN
T ¼ ET solventð Þ−30:7

32:4
ð8Þ

ET solventð Þ ¼ 28591

λmax
ð9Þ

where λmax corresponds to the peak wavelength (nm) in the
red region of the intramolecular charge transfer absorption of
the bitain dye. AMQC has bathochromic when solvent polar-
ity increase from n-hexane to DMSO indicates that the polar-
ity of AMQC and photoinduced intramolecular charge trans-
fer (ICT) occurs in the singlet excited state, therefore increas-
ing the excitation.

Fluorescence Quantum Yield of AMQC

The fluorescence quantum yield (ϕf) was measured using the
optically diluted solution to avoid reabsorption effect (absor-
bance at excition wavelength); relative method with solution
of 9, 10-diphenylanthralene (DPA) in DMSO as reference
standard. The following relation has applied to calculate the
fluorescence quantum yield [36]:

φ f sð Þ ¼ ϕ f rð Þ F sð Þ 1−exp −Aref ln10
� �� � � n2s

F refð Þ 1−exp −Asln10ð Þf g � n2r
ð10Þ

where F denotes the integral of the corrected fluorescence
spectrum, A is the absorbance at the excitation wavelength,
and n is the refractive index of the medium. The subscripts “s”
and “r” refer to sample and reference, respectively.

The fluorescence quantum yield (φf) of AMQC depends
strongly on the solvent properties (Table 1). The fluorescence
quantum yield can be correlated with ET(30) of the solvent,
where ET(30) is the solvent polarity parameter introduced by
Reichardt [37] Fig. 5. The fluorescence quantum yield (Фf) of
AMQC decreases with increasing solvent polarity. This could
be attributed to efficient internal conversion and or

intersystem crossing by extensive mixing between the close-
lying 1(π–π*) and 1(n–π*) states.

Effect of Surfactant on Emission Spectrum of AMQC

A positively charged and cetyltrimethyl ammonium bromide
(CTAB) and negatively charged sodium dodecyl sulphate
(SDS) surfactants were selected for evaluating the emission
behavior of the AMQC dye. The two specified surfactants
were chosen because ionic charges possessed by AMQC dye
can be influenced by the positively charged CTAB and nega-
tively charged SDS. Thus, the charge attraction accounts for
the AMQC emission behavior. Fluorescence emission spectra
of AMQC in the absence and presence of CTAB and SDS
were measured. Fluorescence intensities of AMQC increase
when increasing the concentration of CTAB from 2 × 10−4 up
to 1.6 × 10−3 M as shown Fig. 6. Such enhancement in the
fluorescence intensity of 1 × 10−5 M AMQC at fixed concen-
trations with an increase in the CTAB concentration may like-
ly be ascribed to the association mechanism of AMQC with
CTAB. The fluorescence intensity of AMQC is quenchedwith
an increase of the SDS concentration (2 × 10−3 up to
1.6 × 10−2 M Moreover, more significant reductions were

Fig. 5 Plot of φf versus ET (30) of different solvents



noticed in fluorescence intensities of AMQC with SDS. The
quenching of AMQC upon increasing SDS concentration can
likely be ascribed to the association of AMQC with SDS.
Figure 7 represents the influence of SDS on the relative emis-
sion intensity of 1 × 10−5 M AMQC. It can be observed that
there was a subsequent decrease in the relative emission in-
tensity of AMQC with an increase in the SDS concentration,
strongly providing that there was an interaction between
AMQC and SDS. It seems that the dye molecule located in
the hydrocarbon core of CTAB aggregates, while in SDS, the
dye located at micelle – water interface, with quenching role
of water. As shown in Fig 6 & Fig 7, the emission intensity of
AMQC increases with increasing the concentration of surfac-
tant CTAB, and emission intensity of AMQC decreases with
increasing the concentration of surfactant SDS an abrupt
change in fluorescence intensity is observed at surfactant con-
centration of 7.96 × 10−4 and 6.10 × 10−3 mol dm−3 which are
very close to the critical micelle concentration of CTAB and
SDS [38] respectively; thus AMQC can be employed as a
probe to determine the CMC of a surfactants Fig. 6 and
Fig. 7. It was well known that aromatic molecules were gen-
erally solubilized in the palisade layer of micelle [39]. Thus
the enhancement of emission intensity is attributed to the

passage of dye molecule from the aqueous bulk solution to
the palisade layer of micelle.

Nonlinear Measurements

Z-scanmeasurements were carried out tomeasure the sign and
magnitude of nonlinear refractive index and nonlinear absorp-
tion. The intensity dependent nonlinear absorption and refrac-
tion are related by the following equations [15, 40]

α Ið Þ ¼ α0 þ βI ð11Þ
n Ið Þ ¼ n0 þ n2 I ð12Þ

where α0 is the linear absorption coefficient, n0 is the linear
refractive index, β and n2 are the nonlinear absorption coef-
ficient and refractive index respectively. I is the intensity of the
input laser beam.

Closed aperture Z- scan measurements were carried out to
measure the nonlinear refractive index of AMQC. Figure 8
shows the variation of normalized transmittance versus Z-
position for the different concentrations from 1 mM to
0.1 mM of the dye dissolved in chloroform CHCl3. The plot
shows a pre focal transmittance maximum (peak) followed by
a post focal transmittance minimum (valley) which is the sig-
nature of negative nonlinear refractive index.

Table 2 Nonlinear refractive index and χ(3) of blue emitting dye at
λ = 488 nm and Power = 75 mWof AMQC dye

Concentration
(mM)

n2
× 10−9 (cm2/W)

χ(3)

× 10−7 (esu)

1 −14.92 7.88

0.75 −10.54 5.56

0.5 −9.05 4.79

0.25 −5.50 2.91

0.1 −1.88 1.09
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We have evaluated the nonlinear refractive index, n2 and
the nonlinear absorption coefficient β by fitting the normal-
ized transmittance of close aperture scan data with the follow-
ing equation [41]

T closeð Þ ¼ 1þ 2 −ρx2 þ 2x−3ρð Þ
x2 þ 9ð Þ x2 þ 1ð Þ ΔΦ0 ð13Þ

where, ρ ¼ ΔΨ
ΔΦ0

;ΔΦ0=kn2Leff I0 andΔψ ¼ βI0
Leff
2 are the

phase shifts due to nonlinear refraction and nonlinear absorp-
tion. x ¼ z

z0
is related to diffraction length of the beam, z0,

z0 ¼ kw2
0

2 ; Leff ¼ 1−exp −α0Lð Þ½ �
α0

, which is effective thickness of

the sample, α0 is linear absorption coefficient, L is the actual
thickness of the sample, I0 is the on-axis irradiance at the focus
I0 ¼ 2P=πw2

0. w0 is the beam waist at focus. The values for the
nonlinear refractive index, n2 at different concentration are
summarized in Table 2. However the values of β obtained
by the least square fit of above equation are very low and
inconsistent. In order to evaluate nonlinear absorption, we also
recorded the open aperture Z-scan data. The scan reveals a flat
horizontal line for the normalized transmittance. This indi-
cates the value of nonlinear absorption is very low for this
dye. So it is not possible for us to measure β from this data.
Hence it confirms the results obtained from closed aperture
scan data. We also calculated the values of χ(3) based on the
standard equations [14, 17], taking β=0, and these are also
presented in Table 2.

As it is an established fact that the nonlinear refraction
arises from thermal, electrostrictive, molecular and electronic
effects. But in our case origin of the nonlinearity is mainly due
to thermal effects since we have used a cw laser [42]; it is also
evident from peak-valley separation beingmore than 1.7 times
the Rayleigh range z0. Figure 9 shows the variation of nonlin-
ear refractive index versus concentrations. It is observed that
as the concentration increases the (negative) nonlinearity also
increases.

Conclusion

Blue emitting dye 2-amino-4-(3, 4, 5-tri methoxyphenyl)-9-
methoxy-5,6 dihydrobenzo [f] isoquinoline-1-carbonitrile
(AMQC) was synthesized by one-pot multicomponent reac-
tions (MCRs). AMQC dye displays red shift in fluorescence
spectrum as solvent polarity increases. AMQC dye undergoes
solubilization in different micelles and may be used in the
determination of CMC of surfactants (e.g. SDS and CTAB)
and it can be used as quencher or probe for dyes. Nonlinear
optical parameters of AMQC dye shows relatively lower non-
linear refractive index and nonlinear absorption coefficient at

the power levels. Variation of n2 with concentration is linear in
the concentration range used in the present study. Although
the dye has excellent fluorescence yield in the blue spectral
region, however it has relatively poor nonlinear response at
the operating parameters.
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