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Abstract

Three novel organic optical materials, 40-(N,N-dihydroxyethylamino),4-(pyridine-4-vinyl)stilbene (8a), N-((4-N,N-dihydroxyethylamino)-
benzylidene)-4-(pyridine-4-vinyl)aniline (8b) and 40-(N,N-dihydroxyethylamino),4-(pyridine-4-vinyl)azobenzene (8c), were synthesized and
characterized by FT-IR, UV, 1H NMR and elementary analysis. Their optical properties were evaluated by optical limiting and nonlinear optical
analyses. The results show that these compounds possess good optical limiting and large nonlinear optical properties, which are attributed to the
long D-p-A conjugated electron structure of molecules, and the p-electron conjugated bridge structure affects the nonlinear optical and optical
limiting properties of D-p-A conjugation compounds. The compound 8a with C]C double bond as conjugation bridge shows better optical
limiting property than compounds 8b and 8c with C]N or N]N double bond under the same linear transmittance, while compound 8c
with N]N double bond as conjugation bridge is superior in nonlinear optical properties to compounds 8a and 8b with C]C or C]N double
bond as conjugation bridge.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Conjugated organic materials exhibiting strong nonlinear
optical properties and fast response time have attracted consid-
erable interest in recent years because of their usages in a va-
riety of optical devices. In particular, in recent years their
applicability for optical limiters has received significant atten-
tion owing to the growing needs for protection of optically
sensitive devices and human eyes from laser damage in both
civilian and military applications due to the fast development
of modern laser technology [1,2].
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To enhance the application viability of the conjugated
organic NLO materials in optical limiter devices, a collective
effort from physicists, chemists and material scientists is cur-
rently in progress to understand the fundamental relationship
between optical limiting property and molecular structure.
Most of the studies are focused on explaining that the large
atomic number and the small metallic atomic size may en-
hance the optical limiting properties of organic metallic com-
pounds such as phthalocyanines and porphyrins [3e9]. Some
are focused on the effect of the conjugation length and the do-
noreacceptor strength on the optical limiting properties of or-
ganic NLO materials [10e15]. However, little attention has
been paid to the effect of the different p-electron conjugation
bridge structure on the optical limiting properties of organic
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NLO materials. The different p-electron conjugation bridge
structure would be expected to have a significant effect on
the ground and excited state dipole moments and electronic
transition energies of the molecular, consequently, could affect
the optical property of the molecule.

In this paper, we designed and synthesized three novel
D-p-A conjugated organic optical materials, namely, 40-
(N,N-dihydroxyethylamino),4-(pyridine-4-vinyl)stilbene (8a),
N-((4-N,N-dihydroxyethylamino)benzylidene)-4-(pyridine-4-vinyl)
aniline (8b) and 40-(N,N-dihydroxyethylamino),4-(pyridine-4-
vinyl)azobenzene (8c) (Scheme 1), which differ only from
the p-electron conjugation bridge structure, measured their
optical limiting and nonlinear optical properties, and investi-
gated the effect of molecular structure on their optical limiting
and nonlinear optical properties.

2. Experimental

2.1. Materials and measurements

4-Vinylpyridine was purchased from Fluka and distilled
from calcium hydride under reduced pressure before use.
Palladium (II) acetate, 4-bromotoluene, triphenyl phosphine,
4-bromoaniline and N-bromosuccinimide were purchased
from Aldrich. Triethylamine, phosphorus trichloride, N,N-
dimethylformamide and all solvents were purified before
use. A tert-butoxideetert-butyl alcohol solution was prepared
immediately before use.

The FT-IR spectra were recorded as KBr pellets on a Nicolet
170sx spectrometer. 1H NMR spectra were collected on an
AVANCE/DMX-300 MHz Bruker NMR spectrometer. Ele-
mentary analyses were conducted on Vario EL-III elementary
analysis apparatus. Melting points (mp) were measured on
a Yanaco micro-melting point apparatus. UVevis spectra
were recorded on a Shimadzu UV-265 spectrometer using
a 1 cm2 quartz cell.

The investigation of the optical limiting properties of the
samples was carried out by using a Q-switched ns/ps Nd:YAG
laser system continuum with a pulse width of 8 ns at 1 Hz
repetition rate and 532 nm wavelength. The experimental
arrangement is similar to that in the literature [16]. The sam-
ples were housed in quartz cells with a path of 5 mm. The in-
put laser pulses adjusted by an attenuator (Newport) were split
into two beams. One was employed as reference to monitor the
incident laser energy, and the other was focused onto the sam-
ple cell by using a lens with 300 mm focal length. The sample
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Scheme 1. Synthetic route and the serial number of hydrogen atom of benzene ring.
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was positioned at the focus. The incident and transmitted laser
pulses were monitored by two energy detectors, D1 and D2

(Rjp-735 energy probes, Laser Precision).
The nonlinear optical properties of the samples were per-

formed by Z-scan technique with the same laser system as
in the optical limiting experiment. The experiment was set
up as in ref. [17]. The solution sample was contained in
a 2 mm quartz cell. The incident and transmitted energies
were detected simultaneously by the energy meters (Laser Pre-
cision Corporation, Rjp-735). The input energy was 100 mJ.
The samples were moved along the axis of the incident
beam (z direction).

2.2. Synthesis

2.2.1. N,N-Di(2-hydroxyethyl)aniline (1)
A mixture of 26.8 mL (0.4 mol) 2-chloroethanol, 8.9 mL

(0.07 mol) aniline, 65 mL distilled water and 15 g (0.15 mol)
CaCO3 was refluxed for 20 h. The mixture was then filtered
and the filtrate was saturated with NaCl and extracted with
acetic ether. The organic layer was dried with anhydrous mag-
nesium sulfate and concentrated by rotary evaporation. The
crude product was distilled under reduced pressure to give
a pale yellow viscous oil (178e184 �C/2 mmHg). Yield:
55%. FT-IR (KBr), n (cm�1): 3328 (eOH), 2945, 2882
(eCH2), 1597 (eAr). 1H NMR (300 MHz, DMSO-d6),
d (ppm): 3.39 (4H, t, J¼ 5.4 Hz, CH2CH2OH), 3.52 (4H, t,
CH2CH2OH), 4.72 (2H, s, OH ), 6.53 (1H, dd, J¼ 7.2 Hz,
4-H), 6.66 (2H, d, J¼ 8.2 Hz, 2- and 6-H), 7.12 (2H, dd,
3- and 5-H).

2.2.2. N,N-Di(2-acetyloxy)ethyl]amino]benzene (2)
52 g (0.28 mol) N,N-di(2-hydroxyethyl)aniline was added

to 90 g (0.88 mol) acetic anhydride and 70 g (0.88 mol) pyri-
dine, and the resulting mixture was refluxed for 24 h. Then the
reaction mixture was concentrated by rotary evaporation,
washed with water and then was dried with anhydrous magne-
sium sulfate. The product was purified by vacuum distillation
to give a yellow viscous oil of 63.8 g (86%). FT-IR (KBr), n
(cm�1): 1737 (C]O), 1599, 1506 (eAr), 1231 (CeO). 1H
NMR (300 MHz, CDCl3), d (ppm): 2.11 (6H, s, CH3), 3.59
(4H, t, J¼ 6.2 Hz, CH2CH2OAc), 4.23 (4H, t, CH2CH2OAc),
6.62 (1H, dd, J¼ 7.2 Hz, 4-H), 6.81 (2H, d, J¼ 7.8 Hz, 2- and
6-H), 7.21 (2H, dd, 3- and 5-H).

2.2.3. 4-[N,N-Di[2-(acetyloxy)ethyl]amino]benzaldehyde (3)
Anhydrous DMF (10 mL) was placed in a flask and was

cooled in ice bath. Then 4.86 mL (50 mmol) phosphorus oxy-
chloride was added dropwise with stirring. After the solution
was stirred at 0 �C for 30 min, 10 g N,N-di(2-acetyloxy)ethyl]
amino]benzene (40 mmol) in 6 mL DMF was added dropwise
into the red solution to react for 1 h, then heated at 90 �C for
2 h. The reaction mixture was cooled to 0 �C, and neutralized
to pH z 7 by dropwise addition of saturated sodium acetate
solution. The mixture was extracted with ethyl acetate. The ex-
tracts were washed with water, dried with magnesium sulfate,
and then concentrated by rotary evaporation. The residue was
purified by an aluminium oxide column using ethyl acetate/
petroleum ether mixture (1:1 v/v) as eluent to give a pale yel-
low solid. Yield: 90%. FT-IR (KBr), n (cm�1): 1737, 1660
(C]O), 1593, 1521 (eAr), 1240 (CeO). 1H NMR
(300 MHz, CDCl3), d (ppm): 2.01 (6H, s, CH3), 3.73 (4H, t,
J¼ 6.2 Hz, CH2CH2OAc), 4.22 (4H, t, J¼ 6.2 Hz, CH2

CH2OAc), 6.78 (2H, d, J¼ 8.9 Hz, 2- and 6-H), 7.71 (2H, d,
3- and 5-H), 9.79 (1H, s, CHO).

2.2.4. 4-[N,N-Di[2-hydroxyethyl]amino]benzaldehyde (4)
2.93 g (10 mmol) 4-[N,N-di[2-(acetyloxy)ethyl]amino]ben-

zaldehyde was added to 25 mL ethanol and 25 mL (10%) so-
dium hydroxide water solution. After the reaction mixture had
been stirred for 7 h at room temperature, the product was neu-
tralized with dilute hydrochloric acid. Then the solvent was re-
moved under reduced pressure and the residue was extracted
with ethyl acetate. The extracts were washed with water, dried
with magnesium sulfate, and then concentrated to give a yellow
solid of 1.74 g (80%). FT-IR (KBr), n (cm�1): 3379 (eOH),
2945 (eCH2), 1657 (C]O), 1597, 1526 (eAr), 1173 (Ce
O). 1H NMR (300 MHz, CDCl3), d (ppm): 3.66 (4H, t,
J¼ 6.2 Hz, CH2CH2OH), 3.90 (6H, t, CH2CH2OH), 6.70
(2H, d, J¼ 8.9 Hz, 2- and 6-H), 7.7 (2H, d, 3- and 5-H),
9.65 (1H, s, CHO).

2.2.5. 4-Bromobenzyl bromide (5)
1.19 g (7 mmol) 4-bromotoluene was dissolved in 15 mL

CCl4 under stirring. To the transparent solution was added
1.25 g (7 mmol) N-bromosuccinimide and 17 mg benzoyl per-
oxide. Then the reaction was heated at 80 �C for 2 h under ni-
trogen. After the mixture was cooled to room temperature, the
white precipitate was filtered and the filtrate was concentrated.
The crude product was recrystallized from ethanol-ethyl ace-
tate twice to give white crystals in 61% yield. FT-IR (KBr),
n (cm�1): 2974 (eCH2), 708, 590 (CeBr). 1H NMR
(300 MHz, CDCl3), d (ppm): 4.21 (2H, s, CH2Br), 7.32 (2H,
d, J¼ 13.1 Hz, 2- and 6-H), 7.49 (2H, d, 3- and 5-H).

2.2.6. 4-Bromobenzyl(triphenyl)phosphonium bromide (6)
To a 250 mL flask with a stirrer, 25 g (0.10 mol) 4-bromo-

benzyl bromide, 30 g (0.11 mol) triphenylphosphine and
200 mL toluene were added. The reaction mixture was refluxed
for 3 h and then cooled to room temperature and filtered. The
resulting white solid was filtered and then recrystallized from
ethanol to give colorless crystals in 75% yield. FT-IR (KBr),
n (cm�1): 1435, 1484 (AreP). 1H NMR (300 MHz, CDCl3),
d (ppm): 5.41 (2H, s, CH2), 7.12e7.83 (19H, m, Ar).

2.2.7. 4-Bromo-40-(N,N-di-2-hydroxyethyl)stilbene (7a)
To a 250 mL three-necked flask with a dropping funnel,

a nitrogen input tube and an adapter with a stopcock, 2.93 g
(10 mmol) 4-[N,N-di[2-(acetyloxy)ethyl]amino]benzaldehyde,
5.38 g (10.5 mmol) 4-bromobenzyl(triphenyl)phosphonium
bromide and 100 mL THF were added under a nitrogen atmo-
sphere. The reaction mixture was cooled to 0 �C in an ice
bath, 60 mmol potassium tert-butoxideetert-butyl alcohol so-
lution was added to the dropping funnel and was dropped into
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the flask at 0 �C over 1 h. After the reaction mixture had been
stirred for 2 h at 0 �C, the ice bath was removed and the mix-
ture stirred at room temperature overnight. The product was
neutralized with dilute hydrochloric acid and filtered. The re-
sulting solid was purified by column chromatography using
ethyl acetate/petroleum ether mixture (1:2 v/v) as eluent to
give 1.63 g pale yellow solid in 45% yield. FT-IR (KBr), n
(cm�1): 3338 (eOH), 2945 (eCH2), 1607 (eAr). 1H NMR
(300 MHz, DMSO-d6), d (ppm): 3.44 (4H, t, J¼ 6.1 Hz,
CH2 CH2OH), 3.54 (4H, t, CH2CH2OH), 4.71 (2H, s, OH ),
6.69 (2H, d, J¼ 8.7 Hz, 1-H), 6.91 (1H, d, J¼ 16.4 Hz, 10-
H), 7.12 (1H, d, 9-H), 7.41 (2H, d, J¼ 8.6 Hz, 4-H), 7.49
(2H, d, 3-H), 7.49 (2H, d, 2-H) (the serial number of hydrogen
atom of benzene ring is given in Scheme 1).

2.2.8. N-((4-N,N-Dihydroxyethylamino)benzylidene)-4-
bromoaniline (7b)

1.05 g (5 mmol) 4-[N,N-di[2-hydroxyethyl]amino]benzal-
dehyde and 0.86 g (5 mmol) 4-bromoaniline were dissolved
in 50 mL benzene and 0.5 mL acetic acid glacial. The reaction
mixture was refluxed for 10 h and water formed by the reaction
was removed azeotropically by with DeaneStark trap. Then the
solvent was removed under reduced pressure and the residue
was re-crystallized in ethanol to give dark yellow crystals of
1.25 g (69%). FT-IR (KBr), n (cm�1): 3358 (eOH), 2877
(eCH2), 1600, 1522 (eAr). 1H NMR (300 MHz, DMSO-d6),
d (ppm): 3.50 (4H, t, J¼ 5.7 Hz, CH2CH2OH), 3.58 (4H, t,
CH2CH2OH), 4.82 (2H, s, OH ), 6.78 (2H, d, J¼ 8.8 Hz,
1-H), 7.14 (2H, d, J¼ 8.6 Hz, 4-H), 7.53 (2H, d, 3-H), 7.69
(2H, d, 2-H), 8.41 (1H, s, CH]N).

2.2.9. 4-Bromo-40-(N,N-di-2-hydroxyethyl)azobenzene (7c)
4-Bromoaniline (3.44 g, 20 mmol) was dissolved in an ice-

water solution of sodium nitrite (1.36 g, 20 mmol). After cool-
ing to 0 �C, the solution was added to conc. hydrochloric acid
(8 mL) and stirred for 30 min. Then the mixture was added
dropwise to 400 mL aqueous buffer solution of acetic acide
sodium acetate (pH z 6) containing 3.81 g N,N-di-(2-hydrox-
yethyl)aniline (21 mmol) and stirred for 2 h at 0e5 �C. The
resulting precipitate was filtered and rinsed with water twice.
The crude product was recrystallized from ethanol twice to
give yellow crystals in 83% yield (6.04 g). FT-IR (KBr), n
(cm�1): 3280 (eOH), 2945, 2882 (eCH2), 1597 (eAr). 1H
NMR (300 MHz, DMSO-d6), d (ppm): 3.55 (4H, t,
J¼ 5.5 Hz, CH2CH2OH), 3.60 (4H, t, CH2CH2OH), 4.84
(1H, s, OH ), 6.86 (2H, d, J¼ 9.1 Hz, 1-H), 7.70 (2H, d,
J¼ 8.9 Hz, 4-H), 7.76 (2H, d, 3-H), 7.85 (2H, d, 2-H).

2.2.10. 40-(N,N-dihydroxyethylamino),4-(pyridine-4-vinyl)
stilbene (8a)

Under nitrogen 1.81 g (5 mmol) 4-bromo-40-(N,N-di-2-hy-
droxyethyl)stilbene, 11.2 mg Pd(OAc)2 (0.05 mmol), 26.2 mg
(0.10 mmol) PPh3, 0.07 mL (7.5 mmol) vinylpyridine were
dissolved in 50 mL DMF. The resultant mixture was refluxed
for 24 h. After cooling to room temperature, the reaction solu-
tion was added to water to precipitate the product. The precip-
itate was washed three times using ethanol to give yellow-green
powder in 80% yield. Tm¼ 283e285 �C. FT-IR (KBr),
n (cm�1): 3372 (eOH), 2883 (eCH2), 1588, 1520 (eAr).
1H NMR (300 MHz, DMSO-d6), d (ppm): 3.52 (4H, t,
J¼ 6.0 Hz, CH2CH2OH), 3.55 (4H, t, CH2CH2OH), 4.70
(2H, s, OH ), 6.70 (2H, d, J¼ 8.6 Hz, 1-H), 7.02 (1H, d,
J¼ 16.3 Hz, 7-H), 7.18 (1H, d, J¼ 16.4 Hz, 10-H), 7.21 (1H,
d, 9-H), 7.40 (2H, d, J¼ 8.5 Hz, 4-H), 7.41 (1H, s, 8-H),
7.55 (2H, d, 3-H), 7.57 (2H, d, 2-H), 7.62 (2H, d, J¼ 8.1 Hz,
5-H), 8.53 (2H, d, 6-H). Elem. Anal. Calcd for C25H26N2O2:
C, 77.72; H, 6.74; N, 7.25. Found: C, 77.65; H, 6.73; N, 7.21.

2.2.11. N-((4-N,N-dihydroxyethylamino)benzylidene)-4-
(pyridine-4-vinyl)aniline (8b)

This was prepared as above from N-((4-N,N-dihydroxye-
thylamino)benzylidene)-4-bromoaniline. The precipitate was
washed three times using ethanol to give brown-yellow solid
powder in 81% yield. Tm¼ 289e291 �C. FT-IR (KBr), n
(cm�1): 3416 (eOH), 2927 (eCH2), 1604, 1576, 1391
(eAr). 1H NMR (300 MHz, DMSO-d6), d (ppm): 3.52 (4H,
t, J¼ 6.0 Hz, CH2CH2OH), 3.59 (4H, t, CH2CH2OH), 4.78
(2H, s, OH ), 6.82 (2H, d, J¼ 8.7 Hz, 1-H), 7.20 (1H, d,
J¼ 16.3 Hz, 7-H), 7.25 (2H, d, J¼ 8.3 Hz, 4-H), 7.54 (1H,
d, 8-H), 7.56 (2H, d, 3-H), 7.68 (2H, d, 2-H), 7.73 (2H, d,
J¼ 8.5 Hz, 5-H), 8.47 (1H, s, CH]N), 8.55 (2H, d, 6-H).
Anal. Calcd for C24H25N3O2: C, 74.42; H, 6.46; N, 10.85.
Found: C, 74.41; H, 6.56; N, 10.88.

2.2.12. 40-(N,N-dihydroxyethylamino),4-(pyridine-4-vinyl)
azobenzene (8c)

This was prepared as above from 4-bromo-40-(N,N-di-2-hy-
droxyethyl)azobenzene. The precipitate was washed for three
times using ethanol to give red-brown powder in 80% yield.
Tm¼ 297e299 �C. FT-IR (KBr), n (cm�1): 3483 (eOH),
2943 (eCH2), 1598, 1512 (eAr). 1H NMR (300 MHz,
DMSO-d6), d (ppm): 3.56 (4H, t, J¼ 6.0 Hz, CH2CH2OH),
3.60 (4H, t, CH2CH2OH), 4.88 (2H, s, OH ), 6.86 (2H, d,
J¼ 8.9 Hz, 1-H), 7.37 (1H, d, J¼ 16.3 Hz, 7-H), 7.64 (2H,
d, J¼ 7.7 Hz, 4-H), 7.72 (1H, d, 8-H), 7.77 (2H, d, 3-H),
7.80 (2H, s, 2-H), 7.82 (2H, d, J¼ 8.1 Hz, 5-H), 8.58 (2H,
d, 6-H). Elem. Anal. Calcd for C23H24N4O2: C, 71.13; H,
6.19; N, 14.43. Found: C, 71.44; H, 6.25; N, 14.45.

3. Results and discussion

3.1. Synthesis

We designed the molecular structure of three novel organic
optical materials with different delocalized p-electron conju-
gation bridge. The reaction routes for their syntheses are
shown in Scheme 1. Synthesis of compounds 1e7 is based
on the method reported by us [18e20]. The Heck reaction
of compounds 7a, 7b, and 7c with 4-vinylpyridine using
Pd(OAc)2/PPh3 as catalyst give long conjugated organic opti-
cal compounds 8a, 8b, and 8c in high yield. We characterized
all the intermediates and objective compound molecules using
standard spectroscopic methods and obtained satisfactory
analysis of data corresponding to their molecular structure.
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3.2. The ground-state absorption spectra

The UV spectra of objective compounds 8a, 8b, and 8c in
THF are shown in Fig. 1. Compound 8a exhibits absorption
peak at 410 nm associated with corresponding the pep* tran-
sition of the long conjugated chromophore. The maximum UV
spectral absorption of compound 8b shifts from 410 nm of 8a
to 394 nm when the conjugation bridge varies from C]C to
C]N double bond, while compound 8c with N]N double
bond as conjugation bridge shows the UV absorption peak at
468 nm, hinting that the p-electron conjugation bridge has sig-
nificant effect on their ground state electron absorption spectra
of molecules and 8c molecule possesses larger p-electron de-
localized degree than 8a and 8b. Simultaneously, we found in
Fig. 1 that 8a and 8b have almost no absorption at 532 nm
while 8c shows a weak absorption at 532 nm.

3.3. Nonlinear optical properties

The nonlinear absorption coefficients of 8a, 8b and 8c were
measured by using Z-scan technique. In our experiment, the
samples were moved along the direction of laser beam around
the focus (z¼ 0) forward or backward. The transmittance was
recorded by a power meter with an aperture in the far field of
lens as the function of sample position. The results of Z-scan
with an aperture showed that 8a and 8c have strong nonlinear
absorption (Figs. 2 and 3) while 8b has only weak nonlinear
absorption (Fig. 4).

In theory, the normalized transmittance for the open aper-
ture can be written as [17,21]:

Tðz; s¼ 1Þ ¼
XN
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The imaginary third-order nonlinear susceptibilities Im c(3)

can be calculated by the following equation:

Im cð3Þ ðesuÞ ¼ 9� 108 30n2
0c2a2

4pu
ð2Þ

where 30 is the permittivity of vacuum, c is the speed of light,
and n0 is the refractive index of the medium and u¼ 2pc/l.
Therefore, the results can be calculated and listed in Table 1.
From Table 1, it can be seen that Im c(3) is 4.0� 10�12,
6.3� 10�12 and 9.1� 10�12 esu for 8a, 8b and 8c, respec-
tively. These nonlinear absorption coefficients are larger
than that of [4-(40-cyanoazophenylyl)oxy]-1-hexanol reported
by Xu et al. [22]. The large nonlinear absorption coefficient
can be attributed to the long p-electron delocalized effect of
8a, 8b and 8c. Simultaneously, it can also be found that the
nonlinear susceptibilities of 8a and 8c are larger than that of
8b and the compound 8c with N]N double bond as conju-
gated bridge shows the largest third-order nonlinearity. Com-
paring the structures of 8a, 8c and 8b, it can be seen that
they are only different from the conjugated bridge between
benzene rings linking with the 4-vinylpyridine. From the
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Fig. 4. Open Z-scan data of 8b. Open circle: experimental data; solid line: the-

oretical curve.

Table 1

The optical properties of 8a, 8b and 8c

Compound Nonlinear optical valuesa Optical limiting values

a2 (m/W) Im cð3Þ (esu) TNL
b seff/s0

8a 1.41� 10�11 6.3� 10�12 0.42 3.9

8b 0.89� 10�11 4.0� 10�12 e e
8c 2.24� 10�11 9.1� 10�12 0.49 3.2

a Measured by Z-scan technique with an 8 ns Nd:YAG laser system at 1 Hz

repetition rate and 532 nm wavelength.
b Nonlinear transmittance at saturated output fluence.
crystal structures of stilbene, N-benzilidene aniline and azo-
benzene [23e26], it is well known that stilbene and azoben-
zene mainly adopt the plan structure in the molecules while
N-benzilidene aniline is usually considered to possess the
non-planar structure in the molecules due to the distort of
the two adjacent benzene rings along with the single bond.
Therefore, the low nonlinear susceptibilities of 8b molecules
could be attributed to its nonplanarity. The results are consis-
tent with that of their electron absorption spectra.

3.4. Optical limiting properties

Fig. 5 shows the optical limiting performance of 8a, 8b and
8c at the same linear transmittance (T¼ 80%). From Fig. 5, it
can be seen that, at very low incident fluence, the output
fluence of 8a, 8b and 8c solutions with 80% transmittance
linearly increases with the incident fluence obeying the
BeereLambert law. However, at high incident fluence, the
transmittance of the solution decreased (the incident fluence
starting to deviate from linear transmittance is defined as lim-
iting threshold), and a nonlinear relationship is observed be-
tween the output and input fluence, and with a further
increase in the incident fluence, the transmitted fluence rea-
ches a plateau (limiting amplitude), showing the well optical
limiting property. Simultaneously, the optical limiting proper-
ties are significantly affected by the p-electron conjugation
bridge structure of molecules. The saturated absorption of
compound 8a happens in the incident fluence of 1.65 J/cm2,
while the saturated absorption of compound 8c in the incident
fluence of 1.85 J/cm2. The 8a shows the limiting threshold at
0.149 J/cm2 and limiting amplitude at 0.69 J/cm2 while the
limiting thresholds for 8b and 8c are at 0.26 J/cm2 and
0.25 J/cm2, respectively, and the limiting amplitude for 8c at
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0.91 J/cm2. It is seen that 8a shows better optical limiting
property than 8b and 8c.

The optical limiting mechanisms of organic compounds are
often based on two-photon absorption (TPA) or reverse satura-
ble absorption (RSA). Generally, TPA-based optical-limiting
effect can be yielded in principle under the laser irradiation
of picosecond or shorter pulses. RSA is achieved on a nanosec-
ond or longer time scale, rather than a picosecond time scale,
owing to the different excited-state lifetimes involved in a mul-
tilevel energy process [15]. In the work, the molecules are ex-
cited by the laser with 8 ns pulse width at 532 nm wavelength
and the transmittance of all these compounds’ solution de-
creases with the increase of the incident fluence. Therefore,
we can consider that the optical limiting properties of 8a, 8b
and 8c may arise from RSA.

The optical limiting property of molecules for RSA mech-
anism depends on the ratio of the excited state absorption
cross-section (sex) to the ground state absorption cross-section
(sg) of molecules, which was defined as sex/s0¼ ln Tsat/ln T0.
Tsat is the transmittance at saturated output fluence [27]. It is
seen in Fig. 1 that 8c shows strong ground state electron ab-
sorption at 532 nm wavelength, hinting that the 8c molecule
has large ground state absorption cross-section, while 8a dis-
plays weak ground state electron absorption at 532 nm wave-
length, showing that 8a may possess small ground state
absorption cross-section for the laser with 532 nm wavelength
to result in the larger ratio of seff/s0 than 8c. We can estimate
the sex/s0 based on saturated transmittance of compounds 8a
and 8c solutions. As shown in Table 1, the corresponding value
of seff/s0 for 8a is calculated to be 3.88, while sex/s0 for 8c is
3.19. It may be why 8a shows better optical limiting property
than 8c although 8c displays better nonlinear optical property
than 8a.

4. Conclusions

The three novel organic optical materials with different p-
electron conjugation bridge structure are synthesized in
satisfactory yield by Heck reaction. Their structures are char-
acterized by standard spectroscopic method. Their optical lim-
iting and nonlinear optical properties are investigated by an
8 ns Nd:YAG laser system at 532 nm wavelength. The results
show that the optical limiting and nonlinear optical perfor-
mance are affected by p-electron conjugation bridge structure.
The compound with N]N double bond as conjugation bridge
shows the best nonlinear optical property and the compound
with C]C double bond as conjugation bridge displays the
best optical limiting property, which is attributed to the larger
sex/s0.
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