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a b s t r a c t

The hemicyanine dye, trans-4-[p-(N,N-di(2-hydroxyethyl))amino-styryl]-N-octylpyridinium tetraphe-
nylborate (DHEASPT-C8), was synthesized and characterized using 1H NMR, thermo-analysis and elemental
analysis. The linear optical properties in several solvents were measured using UV–vis as well as single-
photon spectrophotometer, while the non-linear optical properties in DMF were measured using the Z-
scan technique at 532 nm using 4 ns pulsed laser. The influence of the dye anion on its optical properties
was investigated by comparing DHEASPT-C8 to trans-4-[p-(N,N-hydroxyethyl)amino-styryl]-N-octylpyr-
idinium bromide (DHEASPBr-C8), from which it was observed that there were blue shifts in both single-
photon absorption spectra and fluorescence spectra. Z-scan measurements showed that DHEASPBr-C8

displayed saturable absorption with less obvious refractive phenomena, while DHEASPT-C8 had reverse
saturable absorption with obvious refractive phenomena. For DHEASPT-C8, the NLO absorption coefficient
b was 3.09� 10�11 m/W and the third-order NLO coefficient c(3) was 4.78� 10�12 esu.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction its application in fields where such solvents are used is restricted.
Hemicyanine dyes are types of important functional dyes and
have applications in optical power limiting [1], two-photon pum-
ped upconversion intracavity lasing [2], fluorescence probes [3],
fluorescent thermometer [4], molecular electronics [5,6], Langmuir
film [7–9], and photoinitiated polymerization [10]. The authors
have studied the synthesis, molecular engineering and optical
properties of some hemicyanine dyes in the past decade [11–14]. In
terms of molecular engineering, structural features such as the p-
conjugation style, molecular planarity and the length of the
conjugated bridge play important roles in the optical properties of
optical materials [15–18]. Among the hemicyanine dyes, trans-4-
[p-(N,N-hydroxyethyl)amino-styryl]-N-octylpyridinium bromide
(DHEASPBr-C8) is reported to display good optical properties, pos-
sessing stronger single-photon absorption and two-photon
absorption spectrogram, for the highly conjugated cation (i.e.
DHEASP-C8

þ) [13,14]. Moreover, DHEASPBr-C8 has good compati-
bility with polymeric matrixes and polyimide film prepared from
DHEASPBr-C8-doped poly(amic acid) solution had clear single-
photon absorption and two-photon absorption properties.
However, DHEASPBr-C8 was found to have poor solubility in
common organic solvents (e.g. THF, acetone and ethyl acetate) and
6.
en).

All rights reserved.
Recently, the authors synthesized another hemicyanine dye (i.e.
DHEASPT-C8) by replacing the bromide ion (Br�) with a bulky anion
(tetraphenylborate ion, BPh4

�); DHEASPT-C8 was soluble in such
solvents. To explore the importance of the anion in such a hemi-
cyanine dye, the characteristics of DHEASPBr-C8 and DHEASPT-C8

were investigated; their molecular structures are shown in Fig. 1.

2. Experimental

2.1. Materials

N-Phenyldiethanolamine was purchased from Acros Organic
and used without further purification. Other solvents (A.R.) and
reagents were obtained commercially and used without further
purification except for dimethylformamide (DMF), ethanol and
methanol. DHEASPBr-C8, as substrate for the synthesis of DHEASPT-
C8, was synthesized following Ref. [13]. The exact synthetic
procedure is shown in Fig. 2.
2.2. Synthesis

2.2.1. 4-[N,N-Bis(2-hydroxyethyl)amino]benzaldehyde (compound 1)
Yield 62% and mp 60 �C. IR (KBr pellet, cm�1): 3376.1 (–OH),

1655.7 (C]O), 1595.7 and 1578.8 (Ar-CH), 1173.2 (C–O), 1H NMR
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Fig. 3. Open-aperture Z-scan apparatus.
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Fig. 1. Molecular structures of DHEASPBr-C8 and DHEASPT-C8.
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(CDCl3, 400 Hz) d: 9.56 (1H, –CHO, s), 7.61 (2H, Ar-CH, d, J 8.8 Hz),
6.66 (2H, Ar-CH, d, J 9.2 Hz), 4.52 (2H, –OH, s), 3.85 (4H, –CH2–, t, J
5.0 Hz), 3.64 (4H, –CH2–, t, J 5.0 Hz).

2.2.2. 4-Methyl-N-n-octylpyridinium bromine (compound 2)
Yield 65% and mp 83 �C. IR (KBr pellet, cm�1): 1641.4 and 1469.6

(Ar-CH and C–N), 1H NMR (CDCl3, 400 Hz) d: 9.35 (d, 2H, Py-CH, J
6.6 Hz), 7.91 (d, 2H, Py-CH, J 6.3 Hz), 4.92 (t, 2H, Py –CH2–, J 7.4 Hz),
2.68 (s, 3H, CH3–), 2.01 (q, 2H, –CH2–), 1.33 (q, 4H, –CH2–), 1.23 (q,
6H, –CH2–), 0.86 (t, 3H, –CH3, J 6.6 Hz). Elemental analysis: Calcd C,
62.89; H, 7.81; N, 5.87. Found: C, 62.48; H, 7.57; N, 5.56.

2.2.3. Trans-4-[p-(N,N-hydroxyethyl)amino-styryl]-N-
octylpyridinium bromide (DHEASPBr-C8)

Yield 69% and Td 298.0 �C. 1H NMR (DMSO-d6, 400 MHz) d: 8.80
(2H, Py-CH, d, J 6.9 Hz), 8.08 (2H, Py-CH, d, J 6.6 Hz), 7.92 (1H,
CH]CH, d, J 15.9 Hz), 7.58 (2H, Ar-H, d, J 9.0 Hz), 7.16 (1H, CH]CH,
d, J 16.2 Hz), 6.81 (2H, Ar-H, d, J 9.0 Hz), 4.44 (2H, Py –CH2–, t, J
7.5 Hz), 3.55 (8H, –CH2–, q), 1.27–1.24 (10H, –CH2–, q), 1.16 (2H,
–CH2–, q), 0.85 (3H, –CH3, t, J 7.05 Hz). Elemental analysis: Calcd C,
62.89; H, 7.81; N, 5.87. Found: C, 62.48; H, 7.57; N, 5.56.
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Fig. 2. Route for the synthesis of DHEASPT-C8.
2.2.4. Trans-4-[p-(N,N-di(2-hydroxyethyl))amino-styryl]-N-
octylpyridinium tetraphenylborate (DHEASPT-C8)

To a solution of DHEASPBr-C8 (0.03 mol, 14.3 g) in methanol
(200 mL) was added dropwise a solution of sodium tetraphe-
nylborate (10.3 g, 0.03 mol) in methanol (100 mL). Several hours
later, a red precipitate was formed and washed with methanol
several times, collected by filtration and then dried.

Yield 56% and Tm 48.3 �C. 1H NMR (DMSO-d6, 400 MHz) d: 8.75
(2H, Py-CH, d, J 6.0 Hz), 8.07 (2H, Py-CH, d, J 6.4 Hz), 7.91 (1H,
CH]CH, d, J 19.2 Hz), 7.60 (2H, Ar-H, d, J 7.6 Hz), 7.22 (1H, CH]CH,
d, J 16.0 Hz), 7.18–6.93 (20H, Ar-H, q), 6.83 (2H, Ar-H, d, J 8.8 Hz),
4.28 (4H, –CH2–, t, J 5.8 Hz), 3.71 (4H, –CH2–, t, J 5.8 Hz), 1.57 (2H,
–CH2–, m), 1.25 (12H, –CH2–, m), 0.88 (3H, –CH3, t, J 6.2 Hz).
Elemental analysis: Calcd C, 82.10; H, 8.02; N, 3.91. Found: C, 81.95;
H, 7.94; N, 3.67.

2.3. Measurements

The 1H NMR spectra were recorded with a GCT-TOF NMR
spectrometer at 400 MHz. Dimethylsulfoxide (DMSO) and deuter-
ated chloroform (CDCl3) were used as solvents, respectively, and
tetramethylsilane (TMS) as the internal standard. IR spectra were
measured on a Nicolet 5200 FT-IR 5DX instrument using solid
samples dispersed in KBr pellets. The melting points and decom-
position temperatures were measured on a Perkin–Elmer Diamond
5700 thermo-gravimetric analyzer at a heating rate of 20 �C/min
under a nitrogen atmosphere.

UV–vis absorption spectra were recorded at room temperature
in quartz cells of 1 cm path length using a TU-1800 SPC spectro-
photometer, and then single-photon emission fluorescence spectra
were obtained in the same cell under excitation of the respective
maximum absorption wavelength on an Edinburgh 920 spectro-
fluorometer. In this study, all of the concentrations of the dye
solutions in the linear spectra were 1.0�10�5 M, as no aggrega-
tion or self-absorption effects of dyes were observed at this
concentration [19]. The reference standard used for quantum yield
determination was 4-(dicyanomethylene)-2-methyl-6-(p-(dime-
thylamino) styryl)-4H-pyran (DCM) (1.0�10�5 M) in THF solution
(V¼ 0.5).

To measure the optical non-linearity, open/close aperture Z-
scan measurements were performed at 532 nm using 4 ns laser
pulses from a Nd:YAG laser (EKSPLA) [20,21]. DHEASPBT-C8 was
dissolved in DMF solution (2.0�10�5 M) and placed in a 2 mm
quartz cuvette for NLO measurements. In the open-aperture Z-
scan, depicted in Fig. 3, the laser beam was focused using a lens
with f¼ 400 mm focal length, and the sample was translated
along the beam axis (z-axis) through the focal region (z¼ 0) over
a distance several times that of the diffraction length. At each
position z the sample sees different laser intensity, and the
incident and transmitted pulse energies were simultaneously
measured using two energy detectors linked to an energy meter.
Laser pulses were fired at a repetition rate of 2 Hz, and the data
acquisition was automated. The pulse energy reaching the sample
was approximately 25 mJ.
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Fig. 5. Linear absorption (solid) and single-photon fluorescence spectra (dashed) of
samples in DMF solvent at d0¼1�10�5 M (a) DHEASPT-C8, (b) DHEASPBr-C8.
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3. Results and discussion

3.1. Synthesis of dyes and the solvability of two hemicyanine dyes

The 1H NMR spectra of DHEASPT-C8 displayed two characteristic
doublets localized at chemical shifts of 7.22 and 7.91 ppm. Both
were attributed to vinyl hydrogen atoms. Based on the large
coupling constant for the olefinic proton (J¼ 16–19), it was
concluded that DHEASPT-C8 existed as the all-trans conformation
in the ground state [22].

The solubility of the two dyes was tested in several solvents.
DHEASPBr-C8 could dissolve easily in ethanol and H2O, but not in
routine organic solvent (i.e. THF, acetone). DHEASPT-C8 could
dissolve easily in THF and acetone, but not in ethanol and H2O. So
the anion in the dyes had a great influence on the solubility, and
this property is very important in their further application.

3.2. Optimized geometry of the two hemicyanine dyes

In this paper, the influence of the anion in hemicyanine dye
molecule upon optical behaviors would be discussed. The opti-
mized conformations of the hemicyanine dye in the presence of
two anions, obtained with the Hyperchem program, showed that
the stilbene subunits in both samples were approximately planar
(seen in Fig. 4), and they were asymmetric chromophores. But BPh4

�

on the terminal of DHEASPT-C8 had larger physical dimensions and
a greater steric effect than Br� on the terminal of DHEASPBr-C8,
which in turn would have some influence on the optical properties.

3.3. Spectroscopic studies

3.3.1. Linear optical properties
Both dyes are composed by a donor group of electrons (dime-

thylamino group) and an acceptor group of electrons (pyridinium
moiety) connected by an ethylene chain with delocalized p-elec-
trons [8]. Generally, the photophysics of this kind hemicyanine dye
in solution can be compared with the photophysics of the similar
molecule DEASPI (trans-4-[p-(N,N-diethylamino) styryl]-N-meth-
ylpyridinium iodide) or more generally push–pull stilbenes. The
linear absorption and single-photon emission fluorescence (OPF)
spectra of the two dyes in DMF solvent are shown Fig. 5. Both dyes
showed stronger spectrum character curve when the dye concen-
tration in DMF solvent was 1�10�5 M, for the stilbene subunits in
both dyes were approximately planar (shown in Fig. 4), which were
beneficial to the intra-molecular charge transfer between donor
and acceptor. However, the maximum absorption peaks showed
Fig. 4. Optimized geometry of DHEASPB
a blue shift of 13 nm going from DHEASPBr-C8 (lmax
ab ¼ 479 nm)

to DHEASPT-C8 (lmax
ab ¼ 466 nm). At the same time, the OPF

peak showed a blue shift of 12 nm going from DHEASPBr-C8

(lmax
em¼ 613 nm) to DHEASPT-C8 (lmax

em ¼ 601 nm) under excita-
tion with the respective maximum absorption wavelength. It
was also found that DHEASPT-C8 possessed weaker fluorescence
emission intensity than DHEASPBr-C8. Choi et al. have mentioned
that a bulky anion (tetraphenylborate) was substituted for bromide
anion at the salt unit in order to reduce the ionic mobility and then
allowed the polymer to be efficiently poled [23]. Then BPh4� is
more stable in DHEASPT-C8 and may reduce the acceptor ability of
pyridinium moiety in the push–pull structure, resulting in a blue
shift and less fluorescent intensity than that of DHEASPBr-C8.

The quantum yield of the tested dye (Vdye) in different solvents
was calculated using Eq. (1)

Fdye ¼ Fref
IdyeAref

Iref Adye

n2
dye

n2
ref

(1)

where Vref (¼0.5) and nref (¼1.4073) are the fluorescence quantum
yield of DCM and the optical refractive index of THF solvent,
respectively, ndye is the refractive index of the tested solvent, Aref

and Adye are the absorbance values for DCM and tested dye,
respectively, and Iref and Idye are the areas’ integral values of the
corrected fluorescence spectra for DCM and tested dye,
respectively.
r-C8 (left) and DHEASPBT-C8 (right).
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As seen from Fig. 6 and Table 1, the fluorescence intensities
and fluorescence quantum yield (V) of the two dyes were
inclined to decrease with the increase in solvent polarity. Based
on the ‘‘twisted intra-molecular charge transfer’’ (TICT) model
[25], the larger solvent polarity and the more obvious solvation
for the non-emissive ‘‘TICT’’ state of chromophore, dyes gave
lower fluorescence intensities in more highly polar solvents such
as CH3CN.

The data in Table 1 indicates that this kind of hemicyanine dye is
a solvatochromic dye. Generally, the solvatochromic shifts were
processed by applying the Lippert–Mataga equation [26].

hcðnabs � nemÞ ¼
1

4p30

2
a3

me

�
me � mg

�
Df þ const (2)

Df ¼ 3� 1
23þ 1

�
�
n2 � 1

�
�
2n2 þ 1

� (3)

where me and mg are the dipole moments in the excited and ground
state, respectively, (vabs� vem) is the Stokes shift, 3 is the dielectric
constant, n is the optical refractive index, and Df is the solvent
polarity function.

Based on Table 1, the Lippert–Mataga plots for DHEASPBr-C8

and DHEASPT-C8 are shown in Fig. 7. It was found that each slope
was greater than zero, so me was larger than mg. That is the
excited state is more polar than the ground state. Then the
ground state of a particular molecule may change very little from
solvent to solvent, but the excited state may be quite different
because of its dipole moment. If the difference between the
Franck–Condon (FC) excited state and the equilibrium-excited
state in the non-polar solvent is greater than the difference
between FC excited state and the equilibrium-excited state for
polar solvent, the fluorescence spectrum will be to the red and
the energy of the equilibrium-excited state in the non-polar
solvent is less than that of the equilibrium-excited state in the
polar solvent [27]. DHEASPBr-C8 and DHEASPT-C8 are pyridinium
salts containing character cations and anions and they are easy to
form stable complex with polar solvent in ground state for
electrostatic attraction, which may increase the energy difference
(DE) of HOMO� LUMO, resultant equilibrium-excited state level
shifts to a higher energy in the polar solvent. Then the energy of
the equilibrium-excited state in the non-polar solvent is less than
that of the equilibrium-excited state in the polar solvent and the
fluorescence spectra were inclined to red shift as the solvent
dipole moment (m/10�30 C m) increased as the asymmetric dye
PSPI (trans-4-(p-pyrrolidinyl styryl)-N-methylpyridinium iodide)
mentioned before [12].

For further comparison of the different anions, the slopes were
calculated and one could see that the solvent effect in DHEASPT-C8

was weaker than that in DHEASPBr-C8. This might be attributed to
the special structure of BPh4

� and the dipole moment gap (me

(me� mg)) of DHEASPT-C8 was lower. Hemicyanine dyes exhibit
a significant charge displacement when the molecules are excited
from the ground state to an excited state and this large charge
displacement is an indication for a large polarizability [6]. Because
the ionic mobility of BPh4

� is inferior to that of Br� and DHEASPT-C8

is more stable than DHEASPBr-C8 in the solvent surroundings, the
dipole moment gap (me (me� mg)) of DHEASPT-C8 is lower than that
of DHEASPBr-C8.

However, the Lippert–Mataga plots obtained does not display
a good linear dependence in the two dyes. The most obvious
deviation of the spectroscopic result is observed when
DHEASPBr-C8 is solved in water. The departure from a linear
Lippert–Mataga plot is an indication of specific interactions (for
example, hydrogen bonding, and electron withdrawing-
donating) between the dye and the solvent. In the case of this



Table 1
Spectral values of DHEASPBr-C8 (a) and DHEASPT-C8 (b) in different solvents at d0¼1�10�5 M [24].

Solvent Ethyl acetate THF DMF Acetone Ethanol CH3CN H2O

3 6.02 7.58 36.71 20.7 25.7 37.5 80.1
m/10�30 C m[18] 6.27 5.70 12.88 8.97 5.60 11.47 6.47
Df 0.1996 0.2095 0.2752 0.2852 0.2880 0.3054 0.3201
(a) vabs� vem (cm�1)

V

– 3924.2 4563.6 – 4049.9 4605.3 5235.3
– 0.6088 0.3539 – 0.5041 0.1493 0.1010

(b) vabs� vem (cm�1)
V

4430.1 4258.0 4764.7 4820.3 – 4829.3 –
0.5854 0.4827 0.2491 0.2556 – 0.1267 –
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paper, it is clear that departure from linearity is a result of
a strong hydrogen bonding. Since this kind dye differs from other
hemicyanine dyes for it has a substitution of a hydroxyl group on
the amino moiety. The influence of the hydroxyl group is
significant in water, where the hydrogen bonding effect
decreases the energy of the ground state [28], leading to
a significant blue shift in the absorption (seen in Fig. 6), but also
decreases the energy of the excited state, resulting in an
extraordinarily large Stokes shift (seen in Table 1).

3.3.2. Non-linear optical properties
The properties of dye in DMF solution (2�10�5 M) were

investigated with 532 nm laser pulses using the Z-scan technique
[20]. Experimental results are demonstrated in Fig. 8. The square
dots represent the Z-scan experimental data: Fig. 8a and c data
collected under the open-aperture configuration, Fig. 8b and d data
obtained by dividing the normalized Z-scan data obtained under
the closed-aperture configuration by the normalized Z-scan data in
Fig. 8a and c. The solid line represents 20 point adjacent averaging
smoothing of the experimental data. The non-linearity of pure DMF
solvent was also measured under the same conditions as the above
cases, but no signal could be obtained, so the non-linearity of
solvent can be ruled out.

In general, non-linear absorption of organic molecules can be
easily explained using a five-level model involving S0, S1, S2, T1 and
T2. S0, S1, S2, T1, T2 correspond to singlet and triplet manifolds, and
each state contains a number of vibration levels [29]. Both mole-
cules of the ground state and the excited state contribute to the
absorption of the sample. Under the illumination of laser, some
portions of molecules of the ground state S0 are excited electroni-
cally from the lowest vibration level of S0 to the upper vibration
levels of S1 and the molecules will arrive at lowest vibration level of
S1 very quickly by nonradiative decay. Molecules on the first excited
state S1 can be excited to S2 by absorbing photon or relax to T1 via
intersystem crossing and the molecules on T1 can be excited to T2

finally. Non-linear absorption can be observed here. The two
processes (S1–S2 and T1–T2) are known as excited states absorption
(ESA), and if their absorption cross-sections are smaller (or larger)
than that of the ground-states linear absorption, then these are
referred to as saturable absorption (SA) (or reverse saturable
absorption (RSA)). It can be seen in Fig. 8 that the normalized
transmittance plotted as a function of the sample position (z)
measured with open aperture is symmetrical with respect to z¼ 0.
Fig. 8a and b shows that DHEASPBr-C8 has saturable absorption (SA)
but less obvious refractive phenomena, while Fig. 8c and d shows
that DHEASPT-C8 has both reverse saturable absorption (RSA) and
obvious refractive phenomena with self-defocusing behavior. One
can say that BPh4�make DHEASPT-C8 have the larger excited states
absorption cross-sections than that of the ground-states linear
absorption.

In this work, only the NLO properties of DHEASPT-C8 were
calculated as the refractive behavior of DHEASPBr-C8 was less
obvious. The NLO absorption data were collected under an open-
aperture configuration. The normalized transmission for the open
aperture is given by Eqs. (4)–(7) [20,30–33], which is used to
describe a third-order NLO absorptive process:

Tðz; s ¼ 1Þ ¼
XN

m¼0

½�q0ðzÞ�m

ðmþ 1Þ3=2
for jq0j < 1 (4)

q0ðzÞ ¼
bI0Leff

1þ z2=z2
0

(5)

Leff ¼
1� expð � a0LÞ

a0
(6)

z0 ¼ pu2
0=l (7)

Where b (m/W) is the NLO absorption coefficient, I0 is the intensity
at the focal point (z¼ 0), Leff is the effective length of the sample, a0

is the linear absorption coefficient of the sample and L is the sample
thickness. z0 is the Rayleigh length of the beam, where u0 is the spot
radius of the pulse at focus and l is the wavelength of the laser
pulse.

The value of b could be obtained by fitting Eq. (4) to the
measured data numerically shown in Fig. 8c. The obtained NLO
absorption coefficient (b) of DHEASPBT-C8 was 3.09�10�11 m/W.

The NLO refractive property of DHEASPBT-C8, shown in Fig. 8d,
was assessed by dividing the normalized Z-scan data obtained
under closed-aperture configuration by the normalized Z-scan data
obtained under open-aperture configuration. In Fig. 6d, the differ-
ence between the normalized transmittance values at valley and
peak positions (DTP–V) was related to the effective third-order NLO
refractive index g (m2/W). g could be derived from DTP–V using Eq.
(8) [32,33].

g ¼ lDTP—V

0:406ð1� SÞ0:25pI0Leff

(8)

where S is a parameter depending on the size of the aperture. The
value of g obtained was�6.01�10�18 m2/W. On the other hand, the
valley–peak pattern of the corrected transmittance curves showed
self-defocusing behavior of the propagating light in the sample of
DHEASPBT-C8, i.e. negative g. That is, the transmittance was less at
the sample position behind the focal point (z¼ 0) than that in front
of the focal point.

NLO processes are governed by the non-linear susceptibility
(c(3)) of NLO materials. The larger the c(3) value, the better the
material’s NLO properties. In accordance with the observed g and
b values, the modulus of the effective c(3) can be calculated from Eq.
(9) [20,30–33].
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Fig. 7. Plots of Stokes shift (vabs� vem) vs. the solvent polarity function Df (det f). (a) DHEASPBr-C8 (y¼ 1843.5þ 9412.6 x, R2¼ 0.5958), (b) DHEASPT-C8 (y¼ 3318.4þ 5106.4 x,
R2¼ 0.8629).
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where n0 is the line refractive index of the sample, 30 is the
permittivity of free space, and c is the velocity of light.
Assuming that the non-linearity developed is predominantly of
the third-order and the imaginary part of c(3) is due to non-
linear absorption, the real part of c(3) is due to non-linear
refraction.
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Fig. 8. Z-scan measurements of the two dyes in DMF solution (2�10�5 M) at 532 nm ((a, c)
the normalized Z-scan data obtained under the closed-aperture configuration by the norm
In the experiment with DHEASPBT-C8, the real part c(3)
R and the

imaginary part c(3)
I of c(3) were �4.08� 10�12 esu and

1.02�10�12 esu, respectively, and the experimentally determined
value of c(3) was 4.78� 10�12 esu. As a reference, the Z-scan tests on
a sample of CS2 were also performed, and the obtained c(3) was
6.57�10�12 esu.
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4. Conclusions

One hemicyanine dye, named DHEASPT-C8, was synthesized
successfully and its optical properties were studied. Its one photon
emission fluorescence intensities were inclined to decrease with
increasing solvent polarity based on the ‘‘twisted intra-molecular
charge transfer’’ (TICT) model. While the fluorescence spectra were
inclined to red shift as the solvent dipole moment increased for the
equilibrium-excited state energy of this kind hemicyanine dye in
the non-polar solvent is less than that of the equilibrium-excited
state in the polar solvent. When DHEASPBT-C8 is compared with
DHEASPBr-C8, the maximum absorption peaks show a blue shift
and the fluorescence quantum yield (V) decrease in linear optical
spectra. Meanwhile DEASPT-C8 shows saturable NLO absorption
whereas DHEASPBr-C8 shows reverse saturable NLO absorption.
The non-linear optical experimental results of DHEASPT-C8 by the
Z-scan technique at 532 nm showed that the NLO absorption
coefficient b was 3.09�10�11 m/W and the third-order NLO coef-
ficient c(3) was 4.78� 10�12 esu.
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