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Abstract Some coumarin-based fluorophores were synthe-
sized and characterized by elemental analysis, 1H NMR, 13C
NMR and MS. The solid-state photoluminescence proper-
ties were studied. The benzocoumarins display interesting
solid-state emission properties with an emission at wave-
lengths ranging from 532 to 645 nm, when excited by a
325 nm helium–cadmium laser at room temperature. The
results demonstrated that the luminescent colors can be
tuned from green to red by simply varying molecular
structure. The benzocoumarin-phenyl boronic acid hybrid,
4-(3-oxo-3-(2 -oxo-2H-1-naphtho[2,1-b]pyran-3-yl)-prop-
1-enyl)phenyl boronic acid, showed obvious fluorescence
response to water. Whereas the free compound was very
weakly fluorescent in tetrahydrofuran (THF), the addi-
tion of water leads to an appearance of strong blue-green
fluorescence and a dramatic increase of emission intensity.
Besides, 3-(3-(3,4,5-trimethoxyphenyl)-prop-2-enoyl)-2H-
1-benzopyran-2-one exhibited second order nonlinear opti-
cal response to laser pulses. A noticeable second harmonic
generation (SHG) under pulsed excitation at 1064 nm was
observed. Preliminary nonlinear measurements on powder
samples showed that the second harmonic generation effi-
ciency is roughly 5.8 times that of potassium dihydrogen
phosphate (KDP).
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Introduction

As an important class of organic heterocycles, coumarin
derivatives have been widely reported to exhibit various
biological activities [1–3], especially with regard to antiox-
idant and anti-inflammatory activities. Further, coumarin
derivatives also show outstanding optical properties, which
render them useful across a wide variety of applications
such as optical brighteners, laser dyes, nonlinear optical
chromophores, electroluminescent materials, solar energy
collectors, two-photon absorption (TPA) materials, as well
as fluorescent labels and probes in biology and medicine
[4–9]. Additionally, certain coumarin dyes have been used
as blue, green and red dopants in organic light-emitting
diodes (OLED).

Chalcones, characterized by a three-carbonα,β-unsaturated
carbonyl system, are found to be effective photosensitive
materials, and exhibit promising nonlinear optical (NLO)
properties [10]. Of particular interest, chalcones have also
shown an impressive array of pharmacological activities
[11].

Recently, we have reported the synthesis, crystal struc-
tures and optical properties of some coumarin derivatives
[12–14]. As a part of our ongoing search project directed
toward the synthesis and optical evaluation of novel cou-
marin derivatives, the present study concerns the synthesis
and the solid state photoluminescence properties of eight
coumarin-chalcone chromophores. Specially, two coumarin-
chalcone boronic acid compounds are prepared in view of
the fact that some boronic chalcone analogues have been
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used as fluorescent probes [15]. It was envisaged that these
two multifunctional molecules consisting of coumarin,
chalcone and boronic acid moieties in a single molecule
may show unique optical properties. The structures of
target molecules are shown in Fig. 1.

Experimental

General

All reagents and chemicals are commercially available and
used without further purification. The melting points were
determined with a WRS-1A melting point apparatus and are
uncorrected. 1H NMR and 13C NMR spectra were taken on
a Bruker AVANCE-300 NMR spectrometer and chemical
shifts expressed as δ (ppm) values with TMS as internal
standard. Element analysis was taken with a Perkin-Elmer
240 analyzer. Mass spectra (MS) were measured on a VG
ZAB-HS or Agilent LC/MSD Trap XCT mass spectrometer.
Absorption spectra were determined on a Hitachi U-3900
UV–Vis scanning spectrophotometer. The solution phase
photoluminescence spectra were determined with a Hitachi
F-2500 spectrometer and the slit widths were 5 nm for both
excitation and emission. The solid-state photoluminescence
spectra were measured using a Horiba Jobin-Yvon LabRam
HR UV-NIR Confocal Laser MicroRaman spectrometer un-
der a 325 nm helium–cadmium laser excitation. The second
order nonlinear optical properties of 1d was studied by the
Kurtz powder method using a Q-switched Nd: YAG laser
(Continuum Inc., USA) of 1064 nm wavelength, repetition
rate of 10 Hz, 8 ns pulse width.

Synthesis of the Coumarin-Chalcone Derivatives (1)

The coumarin-based fluorophores were readily synthe-
sized according to the method reported by us previously
[12].

5-(3-oxo-3-(2-oxo-2H-1-naphtho[2,1-b]pyran-3-yl)-prop-1-
enyl)-2-thiophene boronic acid (1a)

A mixture of 3-acetyl-2H-1-naphtho[2,1-b]pyran-2-one
(ANPO) (476 mg, 2 mmol), 5-formyl-2-thiopheneboronic
acid (310 mg, 2 mmol) and piperidine (0.5 mL) in anhy-
drous ethanol (30 mL) was heated under reflux for 5 h. After
cooling, the solvent was removed under reduced pressure
and the solid residues were recrystallized from ethanol to
give brown solid, yield 65 %; mp 167–169 °C;1H NMR
(300 MHz, DMSO-d6/TMS) δ: 7.21 (dd, J05.1, 3.6 Hz,
1H), 7.53 (d, J015.6 Hz, 1H), 7.62–7.68 (m, 3H), 7.75–
7.83 (m, 2H), 8.01 (d, J015.6 Hz, 1H), 8.08 (d, J07.8 Hz,
1H), 8.32 (d, J09.0 Hz, 1H), 8.63 (d, J08.4 Hz, 1H), 9.30
(s, 1H). 13 C NMR (75 MHz, DMSO-d6/TMS) δ: 112.64,
116.46, 122.41, 123.14, 123.84, 126.45, 128.87, 129.01,
129.24, 129.84, 130.74, 133.65, 135.88, 136.89, 139.74,
142.57, 155.06, 158.58, 186.28. FAB-MS m/z: 377 (M + H)+.
Anal. calcd for C20H13BO5S: C 63.86, H 3.48; found: C 63.93,
H 3.59.

4-(3-oxo-3-(2-oxo-2H-1-naphtho[2,1-b]pyran-3-yl)-prop-1-
enyl) phenyl boronic acid (1b)

A mix t u r e o f ANPO ( 4 7 6 mg , 2 mmo l ) , 4 -
formylphenylboronic acid (300 mg, 2 mmol) and piperidine
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Fig. 1 The molecular structures of the coumarin-based fluorophores
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(0.5 mL) in anhydrous ethanol (30 mL) was heated under
reflux for 5 h. After cooling, the solvent was removed
under reduced pressure and the solid residues were recrys-
tallized from ethanol to give yellow solid, yield 61 %; mp
>250 °C;1H NMR (300 MHz, DMSO-d6/TMS) δ: 7.54–
7.69 (m, 2 H), 7.71–7.83 (m, 5 H), 7.88 (d, J08.1 Hz,
2 H), 8.12 (d, J08.4 Hz, 1 H), 8.23 (s, 2 H), 8.36 (d, J0
9.0 Hz, 1 H), 8.70 (d, J08.4 Hz, 1 H), 9.37 (s, 1 H). 13 C
NMR (75 MHz, DMSO-d6/TMS) δ: 113.18, 117.05,
123.06, 124.85, 125.66, 127.00, 128.15, 129.50, 129.55,
129.81, 130.42, 135.15, 136.32, 136.37, 142.98, 144.56,
155.56, 158.92, 187.88. ESI-MS m/z: 371.0 (M + H)+.
Anal. calcd for C22H15BO5: C 71.38, H 4.08; found: C 71.32,
H 4.15.

3-(3-(3,4,5-trimethoxyphenyl)-prop-2-enoyl)-2H-1-
naphtho[2,1-b]pyran-2- one (1c)

A mixture of ANPO (476 mg, 2 mmol), 3,4,5-trimethoxy-
benzaldehyde (392 mg, 2 mmol) and piperidine (0.5 mL) in
anhydrous ethanol (30 mL) was heated under reflux for 5 h.
After cooling, the solvent was removed under reduced pres-
sure and the solid residues were recrystallized from ethanol-
N,N’-dimethyl formamide (DMF) to give yellow solid, yield
68 %; mp 193–195 °C;1H NMR (300 MHz, CDCl3/TMS) δ:
3.96 (s, 3H), 3.98 (s, 6H), 6.95 (s, 2H), 7.39 (d, J09.0 Hz,
1H), 7.65 (t, J08.1 Hz, 1H),7.76-7.95 (m, 3H), 8.02 (d, J0
15.6 Hz, 1H), 8.14 (d, J09.0 Hz, 1H), 8.43 (d, J08.1 Hz,
1H), 9.44 (s, 1H). 13 C NMR (75 MHz, CDCl3/TMS) δ:
56.22, 61.05, 106.05, 113.21, 116.57, 121.85, 123.31,
123.37, 126.70, 129.24, 129.81, 130.30, 130.43, 136.23,
144.09, 145.13, 153.42, 186.30. ESI-MS m/z: 416.9 (M + H)+.
Anal. calcd for C25H20O6: C 72.11, H 4.84; found: C
72.19, H 4.97.

3-(3-(3,4,5-Trimethoxyphenyl)-prop-2-enoyl)-2H-1-
benzopyran-2-one (1d)

A mixture of 3-acetyl-2H-1-benzopyran-2-one (376 mg,
2 mmol), 3,4,5-trimethoxybenzaldehyde (392 mg, 2 mmol)
and piperidine (0.5 mL) in anhydrous ethanol (30 mL) was
heated under reflux for 5 h. After cooling, the solvent was
removed under reduced pressure and the solid residues were
recrystallized from ethanol-DMF to give yellow solid, yield
59 %; mp 162–164 °C;1H NMR (300 MHz, CDCl3/TMS) δ:
3.92 (s, 3H), 3.94 (s, 3H), 6.92 (s, 2H), 7.35–7.44 (m, 2H),
7.65–7.72 (m, 2H), 7.80 (d, J015.6 Hz, 1H), 7.87 (d
J015.6 Hz, 1H), 8.61 (s, 1H). 13 C NMR (75 MHz,
CDCl3/TMS) δ: 56.22, 61.03, 106.06, 116.73, 118.58,
123.20, 125.04, 125.36, 130.05, 130.31, 134.27, 145.23,
148.07, 153.43, 155.22, 159.45, 186.32. ESI-MS m/z:
367.1 (M + H)+. Anal. calcd for C21H18O6: C 68.85, H 4.95;
found: C 68.81, H 5.01.

3-(3-(2,4-dimethoxyphenyl)-prop-2-enoyl)-2H-1-
benzopyran-2-one (1e)

A mixture of 3-acetyl-2H-1-benzopyran-2-one (376 mg,
2 mmol), 2,4-dimethoxy benzaldehyde (332 mg, 2 mmol)
and piperidine (0.5 mL) in anhydrous ethanol (30 mL) was
heated under reflux for 5 h. After cooling, the solvent was
removed under reduced pressure and the solid residues were
recrystallized from ethanol-DMF to give yellow solid, yield
69 %; mp 185–187 °C;1H NMR (300 MHz, CDCl3/TMS) δ:
3.87 (s, 3H), 3.91 (s, 3H), 6.45 (d, J02.1 Hz, 1H), 6.54 (dd,
J08.4, 2.1 Hz, 1H), 7.32–7.41 (m, 2H), 7.62–7.69 (m, 3 H),
7.90 (d, J015.6 Hz, 1H), 8.18 (d J015.6 Hz, 1H), 8.55
(s, 1H). 13 C NMR (75 MHz, CDCl3/TMS) δ: 55.53, 55.57,
98.34, 105.52, 116.64, 117.11, 118.69, 121.89, 124.85,
126.00, 129.87, 131.16, 133.85, 140.76, 147.38, 155.11,
159.37, 160.71, 163.47, 186.77. ESI-MS m/z: 337.1 (M + H)+.
Anal. calcd for C20H16O5: C 71.42, H 4.79; found: C 71.54,
H 4.86.

3-(3-(2-flurenyl)-prop-2-enoyl)-2H-1-naphtho[2,1-b]
pyran-2- one (1f)

A mix t u r e o f ANPO ( 4 7 6 mg , 2 mmo l ) , 2 -
fluorenecarboxaldehyde (388 mg, 2 mmol) and piperidine
(0.5 mL) in anhydrous ethanol (30 mL) was heated under
reflux for 5 h. After cooling, the solvent was removed under
reduced pressure and the solid residues were recrystallized
from ethanol-DMF to give yellow solid, yield 71 %; mp
241–243 °C;1H NMR (300 MHz, CDCl3/TMS) δ: 3.93 (s,
2H), 7.31–7.41 (m, 2H), 7.50 (d, J09.0 Hz, 1H), 7.55–7.64
(m, 2H), 7.68–7.94 (m, 6H), 8.01 (d, J015.6 Hz, 1H), 8.09
(d, J09.0 Hz, 1H), 8.15 (d, J015.6 Hz, 1H), 8.41 (d, J0
8.4 Hz, 1H), 9.41 (s, 1H). 13 C NMR (75 MHz, CDCl3/
TMS) δ: 36.79, 113.21, 116.56, 120.22, 120.49, 121.86,
123.09, 123.37, 125.12, 125.20, 126.64, 126.99, 127.61,
128.81, 129.18, 129.23, 129.81, 130.27, 133.51, 136.11,
140.89, 143.81, 144.02, 144.10, 144.65, 145.59, 156.04,
159.64, 186.23. ESI-MS m/z: 415.0 (M + H)+. Anal.
calcd for C29H18O3: C 84.04, H 4.38; found: C 84.16,
H 4.32.

3-(3-(2-flurenyl)-prop-2-enoyl)-2H-1-benzopyran-2- one (1g)

A mixture of 3-acetyl-2H-1-benzopyran-2-one (376 mg,
2 mmol), 2-fluorene -carboxaldehyde (388 mg, 2 mmol)
and piperidine (0.5 mL) in anhydrous ethanol (30 mL) was
heated under reflux for 5 h. After cooling, the solvent was
removed under reduced pressure and the solid residues were
recrystallized from ethanol-DMF to give yellow solid, yield
75 %; mp 222–224 °C;1H NMR (300 MHz, CDCl3/TMS) δ:
3.98 (s, 2H), 7.37–7.45 (m, 4 H), 7.60 (d, J06.9 Hz, 1H),
7.66–7.72 (m, 3 H), 7.83 (d, J08.1 Hz, 2 H), 7.92 (s, 2 H),
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7.98 (d, J015.9 Hz, 1H), 8.05 (d J015.6 Hz, 1H), 8.64
(s, 1H). 13 C NMR (75 MHz, CDCl3/TMS) δ: 36.80, 116.73,
118.63, 120.24, 120.51, 123.00, 124.99, 125.13, 125.22,
127.01, 127.65, 128.78, 130.05, 133.39, 134.21, 143.83,
144.10, 145.71, 148.08, 155.25, 186.33. ESI-MS m/z:
365.1 (M + H)+. Anal. calcd for C25H16O3: C 82.40, H
4.43; found: C 82.36, H 4.49.

3-(3-(9-anthryl)-prop-2-enoyl)-2 H-1-naphtho[2,1-b]pyran-
2- one (1h)

A mixture of ANPO (476 mg, 2 mmol), 9-anthraldehyde
(412 mg, 2 mmol) and piperidine (0.5 mL) in anhydrous
ethanol (30 mL) was heated under reflux for 5 h. After
cooling, the solvent was removed under reduced pressure
and the solid residues were recrystallized from ethanol-
DMF to give red crystals, yield 78 %; mp 233–235 °C;1H
NMR (300 MHz, CDCl3/TMS) δ: 7.50–7.69 (m, 6H), 7.82
(t, J08.4 Hz, 1H), 7.97 (d, J07.5 Hz, 1H), 8.01 (d, J0
15.9 Hz, 1H), 8.05 (d, J08.2 Hz, 2H), 8.14 (d, J09.0 Hz,
1H), 8.44–8.50 (m, 4H), 8.93 (d, J016.2 Hz, 1H), 9.50 (s,
1H). 13 C NMR (75MHz, CDCl3/TMS) δ: 113.18, 116.63,
121.83, 123.54, 125.46, 126.58, 126.71, 128.90, 129.29,
129.74, 129.82, 129.91, 130.31, 131.31, 132.81, 136.32,
141.56, 144.20, 156.21, 159.49, 162.33, 186.66. ESI-MS
m/z: 427.1 (M + H)+. Anal. calcd for C30H18O3: C 84.49, H
4.25; found: C 84.53, H 4.33.

Results and Discussion

Absorption Spectra

UV–vis absorption spectra of these molecules in THF or
dichloromethane (DCM) solutions are given in Fig. 2, and
the UV data are summarized in Table 1. Clearly, these
organic dyes demonstrate maximum absorption bands at
368–406 nm, and an increase in the absorption maximum
values is seen as we go through the series 1d (368 nm)<1g
(381 nm)<1e (385 nm)<1b (391 nm)<1a (401 nm)<1h
(402 nm)<1c (403 nm)<1f (406 nm). Therefore, among
these molecules, 1d has the shortest absorption wavelength.

As shown in Fig. 2a, in THF solution (2.52×10−5M), the
absorption spectrum of the intermediate ANPO exhibited
two absorption maxima at 337 and 380 nm, which are in
good agreement with those of literature report (337 and
382 nm, in acetonitrile) [16]. The absorption peak at the
longer wavelength can be assigned to π-π transition. In
comparison with the intermediate ANPO, the maxima ab-
sorption wavelengths of all five benzocoumarins (1a–1c, 1f
and 1h) displayed a red-shift of 11–26 nm. Moreover, these
bathochromic shifts may be ascribed to the inductive effects
of the chalcone moiety and the substituents. Additionally,

Fig. 2 Absorption spectra of the coumarin-based fluorophores

Table 1 Optical properties of the coumarin-based fluorophores

Compounds Concentration
10−5M

λmax(abs)
a nm ε × 104 b

M−1cm−1
λmax(em)c nm

1a 2.18 401 2.02 595

1b 2.27 391 1.18 532

1c 2.17 403 0.99 532

1d 2.45 368 1.52 532

1e 1.85 385 0.92 557d

1f 2.13 406 2.36 545

1g 2.15 381 1.31 520d

1h 2.02 402 3.02 645

aMeasured in THF solution for 1a and 1b, and in CH2Cl2 solution for
the rest
bMolar absorption coefficient
cMeasured in the solid state excited by 325 nm He–Cd laser
dMeasured in the solid state excited by 385 nm light from a Xe lamp

126 J Fluoresc (2013) 23:123–130



three coumarins, 1d, 1e and 1g, have the very similar
spectral shape, and exhibit two maxima, one of low intensity
at short wave length (~310 nm) and one of high intensity at
longer wave length (368–385 nm) (Fig. 2b). Particularly, the
two absorption peaks at 306 and 381 nm for 1g are almost
identical to those of the fluorene–coumarin hybrid, ethyl 8-
methoxy-6-(2-flurenyl) azo-2H-1-benzopyran-2-one-3-
carboxylate (MFBC), with two maximum centered at
306 nm and 377 nm [13].

By comparing the absorption spectra of these molecules,
it can be seen that the benzocoumarin system caused a
bathochromic effect of approximately 25–35 nm in λmax

relative to the coumarin system. Concomitantly, the re-
placement of a boronophenyl group with a boronothienyl
unit resulted in a small red shift of approximately 10 nm
in λmax. Further, when replacing boronophenyl with a
3,4,5-trimethoxphenyl, 2-flurenyl or 9-anthryl donors, a
red shift of approximately 11–15 nm in λmax is observed.
Thus it appears that more π-electrons and more extended
π-conjugated system may be involved in 1f than those in
the other samples. This may be related to the stronger
electronic effect of the end benzocoumarin and fluorene
units.

Photoluminescence Spectra of the Benzocoumarins
(1a–1c, 1f and 1h)

The solid-state photoluminescence of the benzocoumarins
(1a–1c, 1f and 1h) were examined with a helium–cadmium
laser of 325 nm at room temperature. The photolumines-
cence of 3-(3-(4-N,N-diphenylaminophenyl)prop-2-enoyl)-
2H-1- naphtho[2,1-b]pyran-2-one (DPNPO), which was
previously reported by us [12], is also discussed for com-
parative purposes. As shown in Fig. 3, all the studied chro-
mophores are fluorescent in solid-state, though 1a has low
emission intensity. These compounds have their maximum
emission peaks located at 532–645 nm (Table 1), indicating
that they can emit green to red lights. Moreover, the
structural modification obviously causes difference in
fluorescence peak intensity.

Among six benzocoumarins, only compound 1a displays
two emission peaks at near 520 and 595 nm with a shoulder
at 640 nm, roughly corresponding to green and yellow light.
In comparison with 1a, the benzocoumarins (1b, 1c, 1f and
1h) exhibit a very different emission, and present a broad
emission band when in the solid state. Moreover, the emis-
sion peaks of these benzocoumarins undergo a red-shift
from 1b,1c (532 nm) to 1f (545 nm), DPNPO (595 nm)
and to 1h (645 nm). Therefore, the luminescent color could
be turned, from green to red (Fig. 3), by introducing differ-
ent functional groups into benzocoumarin unit. For instance,
as mentioned above, 1c emits a strong green light at 532 nm,
while 1f presents a yellow-green emission at 545 nm. The

replacement of the 3,4,5-trimethoxphenyl group with a tri-
phenylamine group resulted in a red-shifted to 595 nm of the
emission spectra for DPNPO as compared to 1c. Further
structural modification gave a brighter red light emission at
645 nm for 1h when the 3,4,5-trimethoxphenyl group was
replaced by a 9-anthryl group. On the basis of the
above results, it can be concluded that the nature of
the substituents have significant influences on the
solid-state luminescent properties, and the emission
color can be tuned from green to red by structural
modification.

Fluorescence Enhancement Behaviour of 1b

The fluorescence behaviour of 1b was further studied in a
mixture of water/THF under different water fractions.
Changes in the photoluminescence peak intensities versus
water fraction of the mixture for compound 1b were plotted,
as shown in Fig. 4. When the dilute THF solution of 1b was
excited at 391 nm, only very weak signal was recorded. As
the water fraction increased, the change of fluorescence

Fig. 3 Photoluminescence spectra of the benzocoumarins in the
solid state
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emission intensity exhibited a two-step process: first en-
hanced, and then reduced (Fig. 5a). Concomitantly, a red

shift in the fluorescence emission maximum was observed
(Fig. 5a). When the water fraction was increased from 0 to
30 %, the fluorescence intensity of 1b was slightly enhanced
and its fluorescence emission maximum (446 nm) was red-
shifted by 29 nm to 475 nm. Upon the increasing of water
content from 40 to 80 %, 1b shows a strong blue-green
fluorescence emission peak with a significant fluorescence
enhancement and a red shift in its emission wavelength
(from 481 to 497 nm). However, a significant drop in the
overall intensity is observed when the water fraction was
further increased from 80 to 90 %. Moreover, its emission
maximum is maintained (497 nm). Thus, more than 80 %
water content is not effective in enhancing the fluorescence
properties.

It is noteworthy that similar emission enhancement was
also observed in the behaviour of its parent ANPO. In the
THF/water mixtures with high fractions of water (70 %),
ANPO emits intense blue fluorescence (Fig. 5b), with the
peak maxima at 466 nm, which is obviously blue-shifted by
29 nm compared to that of 1b.

Fig. 4 Photoluminescence spectra of 1b in THF with different water
fraction (1.14×10−5M)

Fig. 5 a Photoluminescence
wavelength and intensity of 1b
in THF with different water
fraction. b Photographs for
ANPO (left) and 1b (right) in
THF with and without addition
of water under irradiation at
365 nm
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The increase in fluorescence intensity for 1b was consid-
ered to be a result of the aggregation-induced emission
enhancement effect. Since the compound 1b is insoluble in
water, the molecule has aggregated into solid particles in the
THF/water mixtures with high water contents. This phe-
nomenon was often observed in some compounds with
aggregation-induced emission enhancement properties
[17,18]. Another reason of the fluorescence enhancement
may be attributed to the solvation, which caused the
change in the microscopic polarity around the fluorophore
with increasing concentrations of water in THF. However,
more experiments must be carried out to estimate such
hypothesis.

Additionally, it should be pointed out that the significant
difference in the position of the emission maxima between in
the aggregate state (497 nm) and in the pure THF solution
(446 nm) or in the solid state (532 nm) may be attributed to
several factors, such as themolecular shape, packing structure,
the intermolecular interactions, organizational morphology
and the excitation wavelength and the excitation power.

Second-Order Nonlinear Optical Properties of 1d

The solid-state optical properties of 1d were also investigat-
ed with laser pulses. Figure 6 shows the solid-state lumines-
cence spectrum of 1d under 325 nm light excitation.
Intriguingly, based on the observation data, it could be
found that the sample exhibits intense green emission at
532 nm, which is identical to the emission maximum of
1c in the solid state. However, compounds 1e and 1g show
peak emissions at 557 and 520 nm, respectively, when in the
solid state (Table 1).

In view of the possible importance of the strong green
solid-state emission of 1d with the shortest absorption

wavelength and the continued interest in the development
of nonlinear optical materials, the second-order nonlinear
optical responses of 1d was studied by the Kurtz powder
method [19] using a Q-switched Nd: YAG laser of
1064 nm wavelength. At the same time, potassium dihy-
drogen phosphate (KDP), a well known nonlinear optical
material for various optoelectronics applications [20], was
used as a reference material in the second harmonic
generation (SHG) measurement. Figure 7 shows the
second-harmonic intensity as a function of incident fun-
damental intensity, and SHG photographs under 1064 nm
light excitation. When the powdered sample 1d is
pumped at 1064 nm, strong green emission associated
to SHG can be clearly seen by naked eyes, as shown in
Fig. 7. In contrast, KDP just emits very weak green
light. Preliminary experimental results indicated that the
SHG efficiency from 1d is 5.8 times more intense than
that of KDP (1064 nm). Further research on phase
matching studies of the sample is currently under way in
our laboratory.

Conclusions

In summary, we have presented the synthesis, characterization
and photoluminescence properties of some coumarin-based
fluorophores. The benzocoumarins show solid-state emis-
sions, varying from green to red depending on the molecular
structures. In particular, 1b exhibits interesting fluorescence
responses to water. Moreover, 1d displays a bright green
emission at 532 nm and relatively high SHG efficiency than
that of KDP. These compounds are highly promising candi-
dates for applications in optoelectronic devices, solid-state
lighting technologies and nonlinear optics.

Fig. 6 Photoluminescence spectra of 1d in the solid state. Inset:
Photographs for 1d in solid state under room light (top) and under
365 nm UV light (bottom)

Fig. 7 Second harmonic intensity as a function of incident fundamental
intensity for 1d and KDP. Inset: SHG Photographs for 1d andKDP under
1064 nm light excitation
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