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Synthesis and Luminescence of Eu(l) Complex Based on
4, 4, 4-Trifluoro-1-(4'-o-terphenyl)-1, 3-butanedione and 1, 10-Phenanthroline
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Abstract: A new europium(ll) complex, Eulsphen, [HL=4, 4, 4-trifluoro-1-(4'-o-terphenyl)-1, 3-butanedione, phen=
1, 10-phenanthroline] was synthesized. The complex shows red emission of Eu** ions under near ultraviolet(NUV)
InGaN chip emission light with a quantum yield of 9% . Red luminescent LEDs were fabricated by assembly of
Eulsphen and 395 nm-emitting InGaN chips. When the mass ratio of the complex to the silicone is 1:25, the
chromaticity coordinates is x=0.6113, y=0.3125, and the efficiency of the fabricated LED with the europium complex
achieves 0.68 Im- W™
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There has been an increasing demand for white Ce*-doped yttrium aluminum garnet(Y AG:Ce*)".
light based lighting emitting diodes(LEDs) as potential However, such white LED shows low color-render-
replacement for the incandescent bulbs and fluorescent ing index, low color reproducibility and low luminous
lamps . Tn the past years, white LEDs were obtained efficiency because of the lack of red light component.

mainly by combining an 465 nm blue-emitting InGaN It is difficult to find stable red-emitting phosphors ex-
chip with a broad-band yellow-emitting phosphor, e.g., cited by blue light.
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Recently, with the development of LED chip tech-
nology, the emission bands of LED chips have been
shifted from blue light (~465 nm) to near ultraviolet
(NUV) range(370~400 nm), and the NUV light can offer
higher energy to pump the phosphor. Thus, another new
trend is to fabricate white LEDs with an NUV chip plus
blue-, green- and red-emitting tricolor phosphors and
this kind of white LEDs can show improved color-ren-
dering index and a wide range of color temperatures.
The commonly used red-emitting phosphor for NUV
InGaN-based white LEDs is Y,0,S:Eu’*. It is pity that
this red phosphor exhibits lower efficiency and shorter
working life-time under NUV irradiation compared with
that of the blue (e.g. BaMgAl,(0,;:Eu*) and the green
(e.g. ZnS:Cu*, A1**) phosphors. Therefore, it is urgent to
search for new red phosphors that can be efficiently ex-
cited by around ~400 nm-light. Organic phosphors usu-
ally possess strong absorptions in NUV region, which
are produced by 7-7* transitions, and the emission
colors can be easily adjusted by molecular design and
structural modifications . Europium (I) B-diketonate
complexes have long been known to give bright red e-
mission under NUV irradiation because of the efficient
energy transfer from the B-diketonate ligand to the cen-
tral europium(ll) ions and widely used as organic elec-
troluminenscence materials ™. In our previous work,
some europium(Ill) -diketonate complexes were used as
red phosphors to fabricate red LEDs with NUV-emitting
InGaN chips™.

4, 4, 4-Trifluoro-1-(4" -o-terphenyl)-1, 3-butane-
dione (HL) bears an o-terphenyl unit with a suitable -
conjugated system and B-diketonate group. Thus, the
ligand HL could absorb the near emission light from In-
GaN chips and transfer the absorbed energy to europi-
um ion. Here we report the synthesis of europium com-
plex based on 4, 4, 4-trifluoro-1-(4" -o-terphenyl)-1, 3-
butanedione and application of the complex as red

phosphor in InGaN lighting diodes.
1 Experimental

1.1 Reagents and Physical measurements
o-Terphenyl (98% ), ethyl trifluoroacetate (99% ),

potassium tert-butoxide(99%) were purchased from Alfa

Aesar. Euy05(99.99% ) was purchased from Zhujiang

Refinery. Epoxy resin was purchased from ShengHong
Opto-electron Huizhou Company. InGaN chip was pur-
chased from Shenzhen Yuanchuang Electron Science
and Technology Company. The solvents (CH,Cl, and
toluene) were analytical reagents and were dried before
use. EuCl; +6H,0 was obtained from the reaction of
Eu,0; and HC1(36%). 4-acetyl-o-terphenyl was synthe-
sized from o-terphenyl through Friedel-crafs according
to the reported literature!™.

Elemental analyses were performed on an Elemen-
tar vario EL elemental analyzer. The content of Eu el-
ement was determined according to the reported
method ™. Infrared spectra (400 ~4 000 ¢cm™) were
recorded with samples as KBr pellets using a Nicolet
NEXUS 670 FTIR spectrophotometer. 'H NMR spectra
were measured using a Mercury-Plus 300MHz nuclear
magnetic resonance spectrometer with CDCl; as solvent
and TMS as internal reference. FAB-MS spectra were
measured on a DSQ El-mass spectrometer. UV/Vis
spectra were recorded on UV-3150 UV-Vis-NIR Spec-
trophotometer. Excitation and emission spectra and flu-
orescence lifetime were measured with an Edinburgh
FLSP920 Combined Fluorescence Lifetime and Steady
State Spectrometer. Thermogravimetric analyses (TG)
was performed on a TG209F3 Tarsus Thermogravimetry
from 30~600 °C in the N, atmosphere. Luminescence
quantum yield was measured according to the method
reported by Pilipescu using Eu(TTA);(phen) (©=0.365
in DMF, TTA =2-thenoyltrifluoroacetonate) as a stan-
dard™. The emission spectrum of the fabricated LEDs
was measured with an Everyfine PMS-50 Plus UV-Vis-
near IR Spectrophotocolorimeter at room temperature.
1.2 Synthesis of the ligand

Potassium tert-butoxide (0.68 g, 0.012 mol), 4-
acetyl-o-terphenyl(2.72 g, 0.010 mol) and ethyl trifluo-
roacetate(1.21g, 0.010 mol) were mixed in 50 mL of dry
toluene. The mixture was stirred in a sealed flask for 3 h
at room temperature. Then, the mixture was treated with
50 mL of 15% HCI. The organic phase was separated
and washed with water (20 mLx3). The crude product
was obtained after removing of the solvent toluene un-
der reduced pressure. The light solid was purified by
column chromatography(petroleum ether-CH,Cl,) (yield:
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1.6 g, 40.4% ). The elemental analysis data for
CxH 530, were: [found (cald.)/% | C, 72.10(71.74), H,
4.07 (4.10), IR (KBr, cm™): 3416, 3047, 1611, 1481,
1281, 1189, 850, 750, 'HNMR (CDCls, 8, ppm): 7.72
(4H, m), 7.53 (3H, m),7.36 (2H, m), 7.15 (2H, m), 7.02
(2H, t) 6.42 (1H, s) EI-Ms, 369.
1.3 Synthesis of complexes

EuL;(phen) (phen=1, 10-phenanthroline): A solu-
tion of 0.073 g(0.02 mmol) EuCl;+-6H,0 in 2 mL ethanol
was added dropwise to a solution of 0.221 g(0.06 mmol)
licand HL(HL=4, 4, 4-trifluoro-1-(4"-o-terphenyl)-1, 3-
butanedione) and phen (0.040 g, 0.02 mmol) in 20 mL
ethanol, resulting in a pale yellow solution. A solution
of 1 mol-L™ NaOH was added dropwise to this solution
to pH=9, light yellow precipitate formed rapidly. The
mixture was stirred at 60 °C for 1 h, then cooled to the
room temperature and was added to 20 mL water, fil-
tered, and the precipitate washed with ethanol, H,O and
dried under vacuum to give the desired product (yield:
0.18 g, 62.7%). data for
CxHsoEuFoN,06 were: [found(cald.)/%] C, 65.21(65.32),
H, 3.77(3.51), N, 1.91(1.95), Eu, 10.38(10.60). IR(KBr,
em™): 3086, 1605, 1520, 1292, 1186, 852, 753.

GdL;(H,0),: The gadolinium() complex was syn-
thesized with a similar method to the europium complex
except for GdCl;+6H,0 instead of EuCl;-6H,0 and ab-

sence of phen.

The elemental analysis

The elemental analysis data for

CesHusGAF4Og were:[found(cald.)/%] C, 60.91(61.06), H

3.85(3.80).
CH,COCl
l Anhydrous AICI,

Q O
J

+ Phen + EuCl,

&

1.4 Fabrication of red lighting emitting device
Red light-emitting diodes were fabricated by com-
bination of a ~395 nm-emitting InGaN chip with com-
plex as a phosphor. The phosphor was blended with sil-
icone in order to be precoated onto the LED chip. The
thickness of the admixture precoated onto the chip was
the same due to the fixed size of the reflector cup. The
admixture was cured in an oven at 150 °C for 1 hour. In
order to prevent the phosphor from dispersing into the
epoxy resins, another silicone layer was coated onto the
phosphor and was cured for another 1 h. The whole
LED lamp was encapsulated with transparent epoxy

resin.

2 Results and discussion

2.1 Synthesis and thermal stability of the complex

The ligand was synthesized from Friedel-Crafs and
Claisen condensation reaction. The complex was ob-
tained from reaction between the ligand HL. and EuCl;-
6H,0 in the presence of a base(Fig.1). Elemental analy-
sis for ligand and complex are in good agreement with
the calculated values. In IR spectra, there is a typical
vibration of C=0 at 1 611 ¢m™ for the ligand, but in the
complex this peak splits into two peaks at 1 605 c¢cm™
and 1 520 ¢cm™, indicating that C=0 coordinates to Eu
(I) ions. Thermogravimetric analysis(TG) shows that the
thermal stability of the complex is 170 °C, which meets

the requirement for normal working temperature of

LEDs".

o
6}
CF COOOEt Q
KO-tert-Bu O O

CF;COOEt=ethyl trifluoroacetate, KO-tert-Bu=potassium tert-butoxide

Fig.1 Synthetic routes for HL and Euls(phen)
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2.2 UV-Vis absorption and fluorescence spectra
The UV-Vis absorption spectra for 1x107 mol - L™
ligand and the complex in DMF (Fig.2) exhibit a broad
band within 250 ~380 nm, attributed to singlet-singlet
7% enol absorption, characteristic of the enol form
of B-diketones. The shapes of the absorption spectra of
complex are similar to the free ligand, suggesting that
the B-diketonate ligands contribute to the absorption of
the complex and the coordination of europium(ll) ions
do not have a significant influence on the m—7* state
energy. The high molar absorption coefficient (10° L -
mol " -cm™) reveals that the B-diketonate ligand has a

strong ability to absorb light.
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Fig.2  Absorption spectra of the ligand HL and complex
FEuls(phen) in DMF(1x107° mol - L)

The excitation and emission spectra of the powder
samples of the complex are shown in Fig.3. Monitored
at 613 nm, there is a wide strong excitation band from
240 nm to 420 nm, the intensity is still strong enough at
395 nm, matching to the emission wavelength of an In-
GaN NUV chip, and thus the complex could be effi-
ciently excited by the chip. The complex shows strong
‘ M;)nitolrcd ;t emilssior; 613|nm I

excited by 395 nm
13 nm

2.5x107 A
2.0x107
1.5x107 4

1.0x107

Intensity / A.U.

5.0x10° 4

0.0 4

2(I)O 25IO 360 35‘0 400 45‘0 560 SSIO 660 65IO 7(I)0
Wavelength / nm
Fig.3 Excitation(A.,=613 nm) and emission spectra
(A=395 nm) for the powder sample of
the complex Euls(phen)

orange-red emission under 395 nm NUV-light excita-
tion.

The lowest triplet state energy of the ligand (L") is
determined to be 17 857 ecm™ estimated from the short-
est wavelength transition in the phosphorescence spec-
tra of GdL;(H,0), at 20 K. The lowest triplet state ener-
gy(17 857 em™) of the ligand(L") is higher than the low-
est excited state of Eu**, °Dy(17 267 em™), confirming
the suitability of the ligand as a sensitizer to Eu*-emis-
sion. The luminescence quantum yield of the complex
in DMF is shown to be 9% at room temperature. The re-
sults indicate that the complex is red luminescence and
can act as red light color-conversion material.

The luminescence decay curve of Eu’* related to
the °Dy—"F, emission in the complex powder sample is
presented in Fig.4. The lifetime measurement for the
excited state of the Eu(ll) ion was recorded under the
excitation at 395 nm at room temperature. The lumines-
cence lifetime of the °D, emitting level for complex is
432 ps. The decay curve can be fitted with a single ex-

ponential model, consistent with one symmetric site for

the Eu() ion.

1.0x10%4

 8.0x10*

AU

< 6.0x10°

4.0x10°

Intensity /

2.0x10°4

0.0+

00 20x10° 4.0x10° 6.0x10° 8.0x10° 1.0x107
Lifetime / ns

Fig4 Decay curve of Eu* °Dj excited state of the
complex Euls(phen)

2.3 Fabrication of red lighting emitting diodes
Red light-emitting diodes was fabricated by com-
bination of a 395 nm-emitting InGaN chip with the
complex as phosphor while an original LEDs without
phosphor was also made for comparison. Fig.5 shows
the emission spectra of the InGaN-complex LEDs and
the original InGaN LEDs without phosphor under 20
mA forward bias. The sharp and intense peak at 614 nm
for the complex-LEDs is due to the Eu’* emission from

the complex in the LEDs. Comparison of the excitation
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Fig.5 Emission specira of the original InGaN chip
without phosphor(dashed line), the LED with
complex EuLy(phen) (solid line) under 20 mA
forward bias

spectra of the Eu’* complex and the emission band of
the original InGaN chip confirms that the complex can
be efficiently excited by the ~395 nm-light emitted from
the InGaN chip. The remained emission intensity from
the InGaN chip in the emission spectra of the complex-
LEDs is related to the mass ratio of the phosphor to the
silicone. At a higher ratio of the red phosphor to the sil-
icone, more emitting light from the InGaN chip is ab-
sorbed and more red light is emitted. When the mass
ratio of the red phosphor to the silicone is 1:25, the CIE
chromaticity coordinates of the complex-LEDs are cal-
culated to be x=0.6113, y=0.3125 based on their emis-
sion spectra. The efficiency of the original LEDs with-
out phosphor is only 0.31 Im - W . However, the effi-
ciency of the fabricated LEDs with the europium com-
plex achieves 0.68 Im W ™. The complex has no ab-
sorption in blue and green emission band, and the re-
mained ~395 nm emission from the InGaN chip in the
complex-LEDs can be used to excite blue and green
phosphors to generate white light. Therefore, this eu-
ropium complex may potentially act as a red component
in fabrication of white LEDs if appropriate blue and

green phosphors with a suitable mass ratio are chosen.
3 Conclusions

A new europium complex based on 4, 4, 4-trifluo-
ro-1-(4-o-terphenyl)-1, 3-butanedione was synthesized.
The complex emits red light under near UV irradiation.

Bright red light-emitting diode was fabricated by coat-

[3] Narendran N, Gu Y, Freyssinier J P, et al. J. Cryst. Growth,
2004,268:449 ~ 456

[4] Hu Y, Zhuang W, Ye H, et al. J. Alloys Compd., 2005,390:
226~229

[5] Zhang L, Li B, Lei B, et al. J. Lumin., 2008,128:67~73

[6] LI Bin(%* &), MA Dong-Ge (- %< I4]), ZHANG Hong-Jie
(K HE ). Chinese J. Inorg. Chem. (Wuji Huaxue Xuebao),
2002,18(12):1250~1252

[7] Xiang N, Xu Y, Gong M L, et al. Spectrochim. Acta Part A,
2008.69:1150~1153

[8] He P, Liu S G, Gong M L, et al. J. Electrochem. Soc., 2009,
156:E46-E49

[9] He P, Liu S G, Gong M L, et al. Electrochem. Solid-State Lett.,
2009,12:B61-B64

[10]Allen C F H, Pingert F P. J. Am. Chem. Soc., 1942,64:2639~
2643

[11]JAN Bao-Li (% & 4L ), LIU Xiao-Lan ( X| I i), GONG
Meng-Lian (28 # W), et al. Acta Scientiarum Naturalium
Universitatis Sunyatseni (Zhongshan Daxue Xuebao: Ziran
Kexue Ban), 2001,40(4):61~65

[12]Pilipescu N, Mushrush G W, Hurt C R, et al. Nature, 1966,
211:960~961



