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Fluorescent Properties on Conjugated Polymer Complexes Incorporating Eul) and Gd(D
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Abstract: Linear conjugated polymer P-1 showing strong blue-green fluorescence was synthesized by the
polymerization of 1,4-dibromo-2,3-bisbutoxynaphthalene (M-2) with 5,5"-divinyl-2,2" -bipyridine (M-3) via Heck
reaction. The polymer complexes P-2 and P-3 were obtained by the bipyridyl coordination of P-1 with Eu(TTA);-
2H,0 and Gd (TTA);-2H,0 (TTA=2-thenoyltrifluoroacetonate). Based on the fluorescent property of the polymer
and RE(I)-containing polymer complex, Eu(ll)-containing polymer complex P-2 can not only emit the polymer
fluorescence, but also has the characteristic fluorescence of Eu(ll) (°D, — 7F,) under different excited wavelengths.
Gd(I-containing polymer complex P-3 only emits the polymer fluorescence, but fluorescence wavelength has a
redshift of about 13 nm with respect to P-1.
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The conjugated polymers based on 7-conjugated
organic molecules and high fluorescence quantum
efficiencies attracted much attention in the past decade.
Those polymers with tunable optical and electronic
properties can be prepared by careful combination of
the designed monomers!" . They can also be used to

prepare organic light-emitting diodes, molecular sensors
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and other devices with colors ranging from blue to
red™. But it is still difficult to obtain pure emission
color from conjugated polymers due to their full width
emission spectra at half-maximum of 50~200 nm!, As
known, lanthanide complexes, especially Eu () and
Th(l) complex, have pure monochromic characteristic

emission, extremely long PL lifetime, chemical enviro-
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nmental stability, and potentially high internal quant-
um efficiency. The introduction of RE() compounds
has been demonstrated as a potential approach to
improve the emission purity because RE(I) compounds
can exhibit intense fluorescence with a narrow spectral
bandwidth (10~20 nm)®~". On the other hand, it has
been shown that the introduction of charge injection or
transporting moiety into the ligand can improve the
fluorescent performance. Therefore, the conjugated
polymers incorporating Eu(lll) or Th(ll) complex moieties
can fabricate the excellent pure emission color device
with respect to the desired mechanical flexibility,
solvents, and convenient

solubility in organic

processability for electro-optic sensors!”*. Bazan and

%1 reported the polymeric organic light-

co-workers !
emitting diodes based on Eu(llll complexes. Eu(ll) com-
plexes with [-diketonate and phenanthroline were
incorporated in the polymer matrix, poly[2-(6"-cyano-6"
-methylheptyloxy)-1,4-phenylene]. The result indicated
that the efficient energy transfer from the polymer to the
Eu(ll) complex resulted in complete quenching of the
broad emission of the polymer, and a pure red, Eu(ll)-
based fluorescence was observed. Huang and Wang
et al."" reported a new class of main-chain-type RE-
containing conjugated polymers with oxetane side
groups crosslinked photochemically to produce
insoluble polymer networks. RE (Il complexes were
located in the main chain of the conjugated polymers.
The resulting conjugated polymer exhibited quite
different fluorescence properties in the dilute solution
and solid film. Cao et al." also reported a convenient
approach to the novel Eu(ll)-grafting conjugated poly-
mers to achieve sharp red emission for polymeric light
(PLEDs). The results showed that

intramolecular

emitting diodes

efficient Foster  energy transfer
depended on the overlap between the fluorescent
spectrum of conjugated polymers and absorption
spectrum of Eu(lll) chelates, and the efficiency of energy
transfer relied on the content of Eu(lll) in the complexes.

1,10-phenanthroline  (phen) and 2,2" -bipyridyl
(bpy) have been used extensively as neutral metal
chelating ligands in a variety of approaches dealing

with structural coordination chemistry or functional

systems. These two kinds of ligands can show redox
active behavior, luminescent properties, supramolecule-
forming reactivity, and ease of functionalization™*="]
But so far, there have been no reports on the conjugated
polymers incorporating 2,2" -bipyridyl moiety into the
main-chain backbone to afford their corresponding
polymer complexes with Eu(ll) and Gd(). In this paper,
we describe fluorescent properties on the linear
conjugated polymer P-1 and Eu(l)- and Gd(l)-contain-
ing polymer complexes P-2 and P-3. Based on fluoresc-
ent properties of the conjugated polymer and RE (-
containing polymer complexes, P-1 can emit strong
blue-green fluorescence. P-2 can show both the
polymer fluorescence and the characteristic fluores-
cence of Eu(ll) (°Dy — "F,). The relative fluorescence
intensity of the conjugated polymer and Eu(ll) complex
moiety can be tuned by using the different excited
wavelengths. Moreover, P-3 can only show blue-green
polymer fluorescence. The result shows that the
fluorescence emission wavelength of P-3 has an obvious

redshift of 13 nm with respect to P-1.

1 Experimental

1.1 General

'H, “"C NMR spectra were recorded on a 300-
Bruker spectrometer. Deuterated chloroform was used
as NMR solvent and chemical shifts were reported as 6-
values in parts per million relative to tetramethylsilane
(TMS), J-values are in Hz. IR spectra were taken on a
Nexus 870 FTIR spectrometer (400~4 000 ¢cm™) with
KBr pellets. UV-Vis spectra were obtained from a
Perkin-Elmer Lambda 25 spectrometer. Thermogravi-
metric analyses (TGA) was preformed on a Perkin-
Elmer Pyris-1 instrument under a N, atmosphere at a

". Fluorescent spectra were

heating rate of 10 °C +min~
obtained from a 48000 DSCF spectrometer. Mass
spectrometry (MS) was determined on a Micromass GCT
in methanol solution. C, H, N and S of elemental
analyses were performed on an Elementar Vario
MICRO analyzer. Molecular weight was determined by
gel permeation chromatography (GPC) with Waters-244
HPLC pump and tetrahydrofuran (THF) was used as an

eluent, and polystyrenes were used as external
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standards.

(HTTA) was

purchased from Sigma. All solvents and reagents were

Thenoyltrifluoroacetonate

commercially available A.R. grade. All reactions were
performed under a N, atmosphere using Schlenk
techniques.
1.2 Preparation of monomers (M-1 and M-2)

Eu(TTA);-2H,0, Gd(TTA);-2H,0 and the repeat-
ing unit Eu(TTA);-(M-3) were prepared and purified
according to literature reports!>#,

The repeating unit 2,3-bisbutoxynaphthalene (M-
1) and the monomer 1,4-dibromo-2,3-bisbutoxynaph-
thalene (M-2) were synthesized according to the litera-
tures™?, the overall yield of M-2 was 90% (Scheme 1).
'H NMR: 6 8.25 (dd, J=6.5, 3.3 Hz, 2H), 7.56 (dd, J=
6.6, 3.2 Hz, 2H), 4.15 (t, J=6.6 Hz, 4H), 1.85~1.94 (m,
4H), 1.56~1.67 (m, 4H), 1.04 (t, J=7.3 Hz, 6H); FTIR

Br
OC,H,-
OH  Nal CH,CN OCH,n HOAc
Br

PPh,

(em™): 3057,2958,2934,2872, 1577, 1541, 1 454,
1360, 1336,1325,1117,1021, 961, 754.

5,5" -divinyl-2,2" -bipyridine (M-3) could be
synthesized from 3-methylpyridine by a four-step
reaction according to literatures (Scheme 1)"5%%1 M-3
needs to be kept in the dark at -4 °C before using. MP:
56~58 C; 'H NMR: 6 8.68~8.69 (d, 2H, J=1.9 Hz),
8.37~8.39 (d, 2H, J=8.3 Hz), 7.87-7.91 (dd, 2H, J=8.3,
2.2 Hz), 6.74~6.83 (dd, 2H, J=17.7, 11.0 Hz), 5.89~
5.95 (d, 2H, J=17.6 Hz), 5.42~5.46 (d, 2H, J=11.0 Hz).
BC NMR (CDCly): 6 155.34, 148.17, 133.94, 133.67,
133.42, 121.85, 116.82. Anal. Calced. for C;HpNy: C,
80.74; H, 5.82; N, 13.45. Found: C, 80.76; H, 5.75; N,
13.37. FTIR (em™): 3 002, 1 629, 1589, 1 542, 1 468,
1367,1250, 1023, 911, 846, 750. MS  (EI, m/z): 208
(M*, 100).
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Scheme 1

1.3 Preparation of P-1, P-2 and P-3 (Scheme 2)
Preparation of P-1: A mixture of M-2 (225 mg,
0.52 mmol) and M-3 (109 mg, 0.52 mmol) was dissolved
in the mixed solvent of DMF (6 mL) and Et;N (0.8 mL).
The solution was first degassed with N, for 15 min
before Smol% Pd(OAc), (5.9 mg, 0.026 mmol) and
25mol% PPh; (34.3 mg, 0.13 mmol) were added to the
above solution. The temperature of the mixture was kept
at 120 °C for 12 h under N,. After the reaction mixture
was refluxed at 140 °C for 2 h, styrene (10.4 mg, 0.10
mmol) was added for endcapping the polymer for an
additional 2 h. The mixture was cooled to room
temperature, and then was filtered through a short silica
gel column, and the filtrate was dropped into methanol
(50 mL) to precipitate out the crude polymer. The
resulting polymer was filtered and washed with
methanol several times. Further purification could be

conducted by dissolving the polymer in CH,Cl, and then

M-3

Synthesis procedures for M-1, M-2, and M-3

precipitating in methanol again. P-1 was dried in
vacuum to give 207 mg in 83.6% yield. 'H NMR: 8.89
(br, s, 2H), 8.53 (br, s, 2H) 8.27 (br, s, 2H), 8.12 (br, s,
2H), 7.73 (br, s, 2H), 7.54 (br, s, 2H), 7.37~7.28 (m,
2H), 4.19~4.06 (m, 4H), 1.81 (br, s, 4H), 1.61 (b, s,
4H), 1.08~0.95 (m, 6H). Anal. Calcd. for C3,H,N,Ox: C,
80.67; H, 6.72; N, 5.88. Found: C, 78.75; H, 6.57; N,
5.79. FTIR (em™): 3 037, 3 005, 2 956, 2 870, 1 628,
1589,1466,1421,1371,1269,1213,1021, 965, 755.

Preparation of P-2: A mixture of P-1 (80.0 mg,
0.16 mmol) and Eu(TTA);-2H,0 (201 mg, 0.24 mmol)
was dissolved in 15 mL of THF. The temperature of the
solution was kept at 70 °C for 24 h under N,, and then
the reaction mixture was cooled to room temperature.
After removal of solvent, the residual solid was
dissolved in 2 mL of CH,Cl,, and the solution was
dropped into 30 mL of methanol to precipitate out the

crude red polymer complex P-2, which was washed with
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Scheme 2 Synthesis procedures for P-1, P-2, and P-3

methanol several times. Further purification could be
conducted by dissolving the polymer complex P-2 in
CH,Cl, and then precipitating in methanol again. The
resulting P-2 was dried under vacuum to give 110 mg in
51.1% yield. Found: C, 56.41; H, 5.66; N, 3.16; S, 8.40;
Eu, 10.52 (complexometric titration with EDTA). FTIR
(em™): 3072, 3 039, 2920, 2 849, 1 601, 1 538, 1 5053,
1467,1413,1308,1230,1187,1141,1061, 965, 787,
751, 581.

P-3 was synthesized by using the same way as P-2.
Found: C, 49.73; H, 3.52; N, 2.63; S, 5.24; Gd, 11.05
(complexometric titration with EDTA). FTIR (cm ™):
3073,3038,2958,2933,2 872, 1602, 1 538, 1 504,
1469,1412,1357,1308,1187,1141,1061, 965, 934,
859,787,717, 641, 581.

2 Results and discussion

2.1 Features of P-1, Eu(l)-/Gd()-containing

polymer complexes P-2 and P-3

Heck coupling reaction is one of the most
important C-C coupling reactions in organic synthe-
sis?" . Compared to the Wittig method, the Pd-cataly-
zed Heck polycondensation is relatively mild and gives
an easy access to various monomers in the preparation
of functionalized PPVs . In this paper, a typical
Heck

polymerization. The C-C cross coupling process was

reaction condition was applied to the

easily carried out in DMF in the presence of a catalytic
amount (5mol%) of Pd(OAc), with E;N and triphenyl-
phosphine (PPh;) under N,. The polymerization went on
in a good yield (83.6%). GPC analysis results and yields
of P-1, P-2 and P-3 are listed in Table 1. M, of P-1, P-
2 and P-3 was
chromatography using polystyrene standard in THF.

determined by gel permeation

The molecular weights of P-1, P-2 and P-3 are normally
smaller than the actual molecular weights of these
polymers. The real molecular weight could be corrected
by multiplying the measured values by a factor of
approximately 1.4 to 2.5 and lies in the range from 4
500 to 8200 (P-1), 4 980 to 8 900 (P-2) and 5 500 to 9
800 (P-3)**!. GPC analysis result of P-1 indicates that
an average degree of polymerization of the resulting
linear conjugated polymer lies in the range from 10~17.
The Eu (ID-/Gd (I)-containing polymer complexes P-2
and P-3 could be obtained by the bipyridyl units of P-1
directly coor-dinating with Eu (TTA); and Gd (TTA).
The resulting P-2 and P-3 can dissolve in CH,Cl,, THF
Table 1 Polymerization results of P-1, P-2, and P-3

Yield / % M My PDI
P-1 83.6 3280 1780 1.84
P-2 511 3560 1 990 1.79
P-3 41.7 3920 1850 2.11

*M,, M, and PDI of P-1, P-2, and P-3 were determined by

gel permeation chromatography using polystyrene standard in THF.
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and DMF, but they can be precipitated from methanol
solution. Bipyridyl units in the main-chain backbone of
P-1 do not completely coordinate with RE (TTA),
according to their elemental analysis results and RE(II)
content results in the polymer complexes P-2 and P-3.
Since elemental N is only in bipyridyl moiety and S is
just included in RE (TTA); moiety, the calculated
molar ratios of S and N indicate that the P-2
composition of P-1 and Eu(TTA), is 0.78 [8.40/(32.01x
3): 3.16/(14.01 x2)], and that of P-3 is 0.84 [5.83/
(32.01x3): 2.02/(14.01x2)]™.

In this paper, an electron-deficient heterocyclic
licand 5,5" -divinyl-biyridine used as the conjugated
molecular linker was introduced into the polymer
backbone by Heck

electron transporting property within the main chain

cross-coupling reaction. The

backbone may be improved. Furthermore, the polymer
containing vinylene linkage between naphthyl and
bipyridyl groups can reduce steric hindrance between
backbone rings and groups, and can also have a bene-
ficial effect on the corresponding polymer stability #**,
2,2" -bipyridine can orient in a well-defined spatial
arrangement in the main chain backbone of the conju-
gated polymer P-1, and can act as a ligand by chelating
coordination with Eu(TTA);+2H,0 and Gd(TTA);-2H,0
to afford the corresponding RE (Il)-containing polymer
complexes P-2 and P-3.
2.2 Thermal analysis

P-1, P-2 and P-3 are air stable solid with red color
and show good solubility in THF, CH,Cl,, CHCI; and
DMF. Attachment of the flexible butoxy substitutents on
naphthyl rings as side chain of the polymer can not only
modify the electronic property of the conjugated
polymer, but can also dramatically improve solubility in
organic solvents. The TGA plot of P-1 is different with
that of P-2 and P-3. But the TGA plots of P-2 and P-3
are similar. According to Fig.1, P-1 shows higher
thermal = stability than its corresponding polymer
complexes P-2 and P-3. Under a N, atmosphere, the
obvious two-step degradation of P-1 was observed, the
first step is observed from 315 to 420 °C, and there is
about 32% weight loss. The second step appears from

450 to 730 °C, and there is about 13% weight loss. Both

P-2 and P-3 show three-step degradations. The first
step shows a slow degradation process for P-2 and P-3
at temperature ranging from 160 to 310 °C, there are
about 11% and 12% weight loss, respectively. It can be
regarded as the coordination cleavage of RE(TTA); with
bipyridyl ligand. The second step appears a fast
degradation from 330 to 420 °C, there are about 36%
weight loss. The third step appears from 450 to 730 °C,
and there is about 9% weight loss. The second and third
degradation processes of P-2 and P-3 are similar with
the polymer P-1. P-1, P-2 and P-3 tend to complete
decomposition at 750 °C. There is a total loss of about
39.5%, 51.3% and 49.3% for P-1, P-2 and P-3 when
heated to 800 C.

1004
—— P-]
90 —o—Pp-2
——P-3

80

704

Weight / %

60

501

40

100 200 300 400 500 600 700 800
Temperature / 'C

Fig.1 TGA curves of P-1, P-2, and P-3

2.3 Optical properties

Optical properties of the repeating unit 2,3-
bisbutoxynaphthalene (M-1), M-3, Eu(TTA); - (M-3),
and P-1, P-2, P-3 in CH,Cl, are summarized in Table 2.
Fig.2 illustrates the UV-Vis absorption spectra of M-1,
M-3, Eu(TTA);-(M-3), and P-1, P-2, P-3. According
to Fig.2, UV-Vis spectra of P-2 and P-3 are similar due
to the same repeating units of the chain backbone
except the difference from coordination metal of Eu (Il
and Gd(ll). The strongest absorption wavelengths A, of
M-1, M-3 and Eu(TTA);(M-3) appear at 236, 321 and
341 nm. P-1, P-2 and P-3’' UV-Vis absorption spectra
display great red shifts. The absorption maxima A, of
P-1, P-2 and P-3 in CH,Cl, appear at 394, 420 and 423
nm. P-1 shows a broader absorption at the region from
340 to 430 nm. However, P-2 and P-3 show a stronger
and broader absorption at the region from 310 to 475
nm. A large redshift in the electronic absorptions of P-

1, P-2 and P-3 can be attributed to the effective 7-7*
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conjugated segment of the linker unit M-1 and 2,2’ -
bipyridyl group via vinylene bridge along the main-

521 The strongest absorption peaks of

chain backbone!
P-2 and P-3 appear at about 338 nm, which can be reg-
arded as the absorption of the repeating unit of Eu(TTA);

-(M-3) in the RE(D-containing polymer backbone.

—o— M-1

—8— M-3

—&— Eu(TTA)y(M-3)
—A— P-1

—v— P-2

——P-3

Absorbance / A.U.

250 300 350 W00 450 500
Wavelength / nm
Fig.2 UV-Vis spectra of the repeating units and P-1,
P-2, and P-3

Fluorescent spectra of M-1, M-3, Eu (TTA);- (M-
3), P-1, P-2 and P-3 in CH,Cl, are shown in Fig.3. The
polymer P-1 can emit blue-green light under ultraviolet
light (340 nm) or sunlight even in low concentration.
M-1 and M-3 do not show fluorescence in the visible
region. The maximum fluorescent wavelength A", of P-
1 in CH,CI, solution is 521 nm. P-1 shows strong blue-
green fluorescence with higher fluorescence quantum
efficiency (@p,=0.27) due to the conjugated structure
between 2,3-bishutoxynaphthyl group and the linker
2,2" -bipyridyl unit via vinylene bridge. Based on the
fluorescent properties of the Eu(ll)- and Gd(ll)-contain-
ing polymer complexes P-2 and P-3, it could be seen
that P-2 can not only emit the conjugated polymer
fluorescence, but also show intense Eu (I)-centered
characteristic fluorescence. Since f-f transitions of
Lanthanide(ll) are forbidden, excitation usually relies on
energy transfer from the host matrix or from the ligands
surrounding the lanthanide ion (antenna effect). The
triplet state energy level of B-diketonate anion ligand
TTA" is 20 300 ¢cm™, and the resonance level of Eu(ll)
Dy is 17 200 em . Eu () complex can have strong
fluorescence due to the intramolecular energy transfer
from electronic states associated with the anion ligand

TTA" to 4f energy states of Eu(ll). The repeating unit

Eu(TTA);+ (M-3) has red fluorescence of Eu(ll) electron
dipole transition (*D, — 'F,) at 613 nm ¥, However,
the resonance level of Gd(Ill) °P;, is 32 200 cm ™' [1021:4041,
The excitation energy could not be transferred from the
ligand to the rare earth ion if the triplet state of the
ligand was below the resonance level of the rare earth
ion. GA(I) has a stable electron structure with half-full
in its outmost electronic shell, so P-3 does not have
characteristic emission color. As is evident from Fig.3
(b) and Table 2, the maximum fluorescent wavelength
Af s of P-3 appears at 534 nm, which can be regarded
as the polymer fluorescence. But there is a redshift of
about 13 nm with respect to P-1. It may be attributed to
the intramolecular energy transfer from the anion ligand

TTA" to the 7m-extended conjugated polymer.
4.0-

(a) —e— M-1
3.5 M-3
. 3.0 —v— Eu(TTA);(M-3)
=)
< 2.54
g 20}
5 15
E A4
1.0
0.54
0.0

350 400 450 500 550 600 650 700 750
Wavelength / nm
4.0+

(b)

3.5 —v— P-1 (), =367 nm)

3.0 —0— P-2 (4, =358 nm)
: —<— P-3 (4, =370 nm)

2.54

2.0
1.5

Intenisty / A.U.

1.04
0.54

0.0

350 400 450 500 550 600 650 700 750
Wavelength / nm

Fig.3  Fluorescent spectra of the repeating units (a) and
P-1, P-2, P-3 (b)

In order to investigate the energy transfer
relationship between the polymer conjugated structure
and fluorescent properties of Eu(ll)-containing polymer
complex P-2, we chose the different excited
wavelengths from 320 to 390 nm. It is found P-2 can not
only emit the conjugated polymer fluorescence, but also
has Eu (I)-centered characteristic fluorescence. The
results indicate that the relative fluorescence intensity

of P-2 can be changed by using different excited



2

553

HAE & EulDAN GAWDIE PE 5 20 7 Bl ) 4 e vk BT 52

729

Table 2 Optical properties of the repeating units and P-1, P-2, and P-3

PL (A)* / nm

UV-Vis (A,.)" / nm Stokes shift” /nm [
Ae Aem
M-1 236 352 394 — —
M-3 272(w), 321 346 364 — —
Eu(TTA),(M-3) 275(w), 341 388 591, 613 — —
P-1 235, 394 367 494, 521 127 0.27
P-2 235, 338, 420 358 613, 494(w), 523(sh) 103 0.13
— 399 494, 523 103 —

P-3 236, 337, 423 370 534 111 0.2

* Determined in CH,Cl, solution; " Stokes shift=PL A, (nm)-UV-Vis A, (nm); © These values were estimated by using the
quinine sulfate solution (1.0 x 107 mol-L™) in 0.5 mol - L™ H,SO, (@=55%) as a standard.

wavelengths. According to Fig.4, P-2 can emit strong
fluorescence of the conjugated polymer at 494 and 521
nm, and very weak Eu(ll) characteristic fluorescence
(*Dy— "F,) at 613 nm if 390 nm is chosen as the excited
wavelength. On the contrary, P-2 appears weaker
fluorescence of the polymer and Eu(ll) (°D, — 7F,) under
the excited wavelength at 320 nm. The intensities of
Eu(ll) characteristic fluorescence (°Dy — "F,) show the
increase as

the change of the excited
wavelength from 320 to 340 nm. P-2 shows the

gradual

strongest emission intensity of Eu(lll) fluorescence (°D,
— "F,) under the excited wavelength at 340 nm which is
the strongest absorption region of B-diketonate anion
TTA". The emission wavelength of the polymer moiety of
P-2 is similar with that of P-1, but the relative intensity
shows the obvious change under the different excited
wavelengths (Fig.4). It can also be concluded that the
Eu(lll characteristic fluorescence of P-2 is mainly arisen

from the intramolecular energy transfer from the anion

Normalized intensity

O T
400

T T T
550 600
Wavelength / nm

T T T
450 500

Fig.4 Fluorescent spectra of P-2 under the different

excited wavelengths

ligand TTA " coordinated with Eu(ll). Furthermore, we
can further draw a conclusion that the linear conjugated
polymer does not transfer energy to Eu(lll) complex and
emits its own fluorescence. The results can provide an
understanding of energy transfer relationship between
the m-extended conjugated backbone of the polymer
and fluorescent properties of the Eu (l)-containing
polymer complexes. In addition, P-2 also shows other
weaker emission peaks assigned to the Dy, — "F, (582
nm), ’Dy — "F, (593 nm), °Dy — 'F; (654 nm) and °D, —
F, (705 nm) transitions.

3 Conclusions

The Pd-catalyzed Heck reaction offers a simple ac-
cess to the conjugated polymer. The polymer is air
stable and shows good solubility in some organic
solvents. P-1 can emit strong blue-green fluorescence
due to the extended 7r-electronic conjugated structure
between the repeating 2,3-bisbutoxynaphthyl group and
2,2" -bipyridyl unit via vinylene bridge. P-2 shows the
strongest emission intensity of Eu(lll) fluorescence and
weaker polymer fluorescence if 340 nm is chosen as the
P-3

fluorescence, but fluorescence wavelength has an

excited  wavelength. only shows polymer
obvious redshift of 13 nm with respect to P-1. Based on
our study, it can be concluded that the Eu ()
characteristic fluorescence of P-2 is mainly arisen from
the intramolecular energy transfer from the anion ligand
TTA - coordinated with Eu (ll) . Furthermore, we can
further draw a conclusion that the linear conjugated
polymer does not transfer energy to Eu(ll) complex and

emits its own fluorescence. These kinds of polymer
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complexes incorporating bipyridyl and Eu(ll) or Gd(Ill) 459~462

moieties are expected to provide an understanding of
the energy transfer relationship between the conjugated
structure of the polymer and fluorescent properties of

the RE(I-containing polymer complexes.
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