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Abstract

A series of five new terbium(III) ion complexes with 4,4-difluoro-1-phenylbutane-1,3-dione (HDPBD) and anciliary ligands was
synthesized. The composition and properties of complexes were analyzed by elemental analysis, IR, NMR, powder X-ray
diffaraction, TG-DTG and photoluminescence spectroscopy. These complexes exhibited ligand sensitized green emission at
546 nm associated with *D4 — "F transitions of terbium ion in the emission spectra. The photoluminescence study manifested
that the organic ligands act as antenna and facilitate the absorbed energy to emitting levels of Tb(IlI) ion efficiently. The enhanced
luminescence intensity and decay time of ternary C2-C5 complexes observed due to synergistic effect of anciliary ligands. The
CIE color coordinates of complexes came under the green region of chromaticity diagram. The mechanistic investigation of
intramolecular energy transfer in the complexes was discussed in detail. These terbium(I1l) complexes can be thrivingly used as
one of the green component in light emitting material and in display devices.
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Introduction

The lanthanide complexes with various organic ligands have
attracted intensive interest of researchers in last decades due to
their unique and fascinating photophysical properties such as
long life time, high color purity and large stokes shifts [1, 2].
These characteristic features make them an important and
powerful tool for the diverse and enormous potencial applica-
tions in laser system [3], optical amplification [4],
fluoroimmunoassay [5], luminescent probe in biological sys-
tems [6, 7] and emmiting materials in organic light emitting
diodes [8]. The later demands especially RGB (red, green and
blue) primary colors. The trivalent lanthanide ions show low
absorption as well as weak emission intensity which is

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10895-018-2239-y) contains supplementary
material, which is available to authorized users.

>4 S. P. Khatkar
s_khatkar@rediffmail.com

Department of Chemistry, Maharshi Dayanand University,
Rohtak, Haryana 124001, India

2 UIET, Maharshi Dayanand University, Rohtak, Haryana 124001,
India

associated with the parity forbidden intra-configurational 4f-
4f electronic and magnetic dipole transitions (laporte rule). In
order to overcome the aforesaid problem, an effective strategy
is applied in which an organic ligand of high absorption coef-
ficient coordinated with the lanthanide ion. In this way, the
organic ligand acts as sensitizer or antenna thereby transfer-
ring the absorbed energy to the cental metal ion efficiently
through sensitization process [9, 10]. By keeping in view the
vital importance of green color as one of the component of
RGB primary color, a series of green light emitting
terbium(III) complexes was synthesized [11].

Among the organic moieties, the 3-diketone attracted the
attention due to their excellent features such as high absorp-
tion in a broad range of wavelength, strong coordination abil-
ity and shielding the lanthanide ion from higher lattice vibra-
tions. The goal of synthesis efficient luminescence material
was accomplished by an appropriate selection of 3-diketone
ligand. Therefore, a [3-diketone with C-F bonds selected as
organic ligand in which low energy C-F oscillators could de-
crease the back energy loss by reducing the non-radiative
quenching. These features of fluorinated (3-diketone imparted
intense luminescence properties in complexes [3, 12, 13]. The
bidentate (3-diketone ligands behaved as monoanion which
not only engaged the six coordinative sites out of 8—12 possi-
ble sites by its three molecules but also compensated the
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charge of trivalent lanthanide ion. The rest of the coordinative
sites were satisfied by water or solvent molecules that pos-
sessed stretching vibrational modes of C-H and O-H
oscilattors, directing the decreased in photoluminescence in-
tensity by vibronic quenching [14, 15] via back energy trans-
fer to ligand-localized electronic level [16]. In account to
evade vibronic quenching, the ternary lanthanide complexes
chelated with the planar N,N-donor ancillary ligands such as
2,2'-biquinoline (biq), 1,10-phenanthroline (phen),
neocuproine (neo) and 2,2"-bipyridyl (bipy) [17-21]. These
chelations of anciliary ligands expelled the water molecules
from the coordination sphere and also showed synergestic
affect with main organic ligand in energy transfer mechnism
resulting increased the luminescence intensity. The above
mentioned features of 3-diketone ligands and Tb(III) ion
established a fascinating prospects for the synthesis of green
emitting materilas which prompted us to produce a series of
fluorinated 3-diketonate based terbium(IIl) complexes.

The present work deals with the synthesis of 4,4-difluoro-
1-phenylbutane-1,3-dione (HDPBD) ligand and its corre-
sponding five terbium(Ill) complexes. These materials char-
acterized by FT-IR, CHN, NMR, TG-DTG, XRD, UV-visible
and photoluminescence (PL) spectroscopy. To get better in-
sight into photophysical properties, the excitation spectra and
emission spectra as well as decay curves were investigated in
detail. The transfer of energy from excited levels (singlet and
triplet) of HDPBD and anciliary ligands to emitting levels of
terbium ion (°D,4) was examined through proposed energy
transfer mechanism.

Experimental Section
Materials and Measurements

The metal nitrate of high purity [Tb(NO3)3.5H,0; 99.9%] and
anciliary ligands like 2,2'-bipyridyl, 2,2'-biquinoline,
neocuproine, 1,10-phenanthroline were purchased from
Sigma Aldrich. The commercially available all starting mate-
rials and solvent used in this work were analytical grade and
employed without any purification process. The synthesized
HDPBD ligand recrystalized two times with ethanol solvent
before the coordination process.

The complexometric titration was carried out with
disodium ethylenediaminetetraacetate (EDTA) salt to enumer-
ate the terbium(Ill) ion content. The carbon, hydrogen and
nirogen elements were analyzed by Perkin Elmer 2400 CHN
Elemental Analyzer. FTIR spectra were recorded on Perkin
Elmer Spectrum 400 spectrometer using KBr pellets in the
4000-400 cm ' region. The "H-NMR spectra were executed
by Bruker Avance I 400 NMR spectrometer. Powder X-ray
diffraction (XRD) pattern were obtained from Rikagu Ultima
IV diffractometer at 40 kV tube voltage and 40 mA tube
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current with CuK « radiation over 10-80° range of 20 angle.
The thermal behavior was examined by using SDT Q600
thermal analyzer under nitrogen atmosphere with a heating
rate of 20 °C/min upto 800 °C temperature. The luminescent
decay time, excitation and emission spectra were measured by
Hitachi F-7000 fluorescence spectrophotometer at a 240 nm/
min scanning rate with excitation source of xenon lamp. At
the time of excitation and emission measurements, the slit
widths were 2.5 nm.

Synthesis of Ligand HDPBD

Scheme 1 The ligand HDPBD was synthesized with the solu-
tion of acetophenone (0.42 mL, 3.60 mmol) in dry THF
(120 mL) and then added sodium hydride (1.40 g, 5.80 mmol).
After stirring for 15 min then added methyl-difluoroacetate
(1.18 g, 10.8 mmol). Further, resulting solution was stirred
for 12 h at room temperature. Finally, solid residue formed
which was dissolved in dichloromethane. The mixture was
acidified with 0.5 M hydrochloric acid and then washed with
water. To obtained pure compound, the solid was recrystalized
with ethanol. Finally, a dark brown solid was obtained with
62% yield having melting point 49 °C [22]. IR: cm ' 3430 (b),
3080 (m), 2998 (m), 2890 (w), 1635 (s), 1542 (s), 1480 (s),
1360 (s), 1270 (s), 785 (s), 705 (s); "H-NMR: & 15.01 (s, 1H,
enolic OH), 7.45-7.22 (m, 5H, Ar-H), 6.65 (t, 1H, CHF,),
6.35 (s, 1H, enol CH), 4.22 (s, 2H, keto-CH,) ppm

Synthesis of Th(lll) Complexes

To an aqueous solution of terbium nitrate pentahydrate
(1.0 mmol, 0.43 g) added an alcoholic solution of ligand
HDPBD (3.2 mmol, 0.63 g) dropwise under vigorous stir-
ring on magnetic stirrer. The pH of the resulting mixture
was adjusted to 6.5 with 0.05 M sodium hydroxide solu-
tion, resulting in the formation of white precipitates after
constant stirring for two hours at a temperature of 50-
60 °C. The precipitates were filtered out and dried in
hot air oven to obtained C1 complex.

Tb(DPBD);H,0 (C1): white solid, yield 75%; IR: cm !
3338 (b), 3070 (w), 2980 (w), 1609 (s), 1533 (s), 1467 (s),
1352 (s), 1270 (s), 1102 (s), 767 (m), 704 (m), 423 (m); 'H-
NMR: ¢ 8.10-6.70 (m, 15H, Ar-H), 6.50 (t, 3H, CHF,), 3.50
(s, 3H, enol CH). Anal. Calcd for TbC;¢H,50gF¢: C, 45.80; H,
3.18; Tb, 20.22; found: C, 45.38; H, 3.06; Tb, 19.98.

The complexes C2-C5 were synthesized using HDPBD
(3.2 mmol, 0.63 g), biq (1.0 mmol, 0.25 g) and terbium nitrate
(1.0 mmol, 0.43 g) for complex C2, HDPBD (3.2 mmol,
0.63 g), phen (1.0 mmol, 0.18 g) and terbium nitrate
(1.0 mmol, 0.43 g) for complex C3, HDPBD (3.2 mmol,
0.63 g), neo (1.0 mmol, 0.20 g) and terbium nitrate (1.0 mmol,
0.43 g) for complex C4 and HDPBD (3.2 mmol, 0.63 g), bipy
(1.0 mmol, 0.15 g) and terbium nitrate (1.0 mmol, 0.43 g) for
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Q.

complex C5 as the starting materials and then followed the
same method as described for C1 complex.

Tb(DPBD);biq (C2): white solid, yield 70%; IR: cm ™'
3062 (m), 2978 (m), 1609 (s), 1560 (s), 1522 (s), 1470 (s),
1352 (s), 1270 (s), 1103 (s), 765 (s), 703 (s), 532 (s), 430 (m);
"H-NMR: & 7.95 (s, 6H, Ar-H), 7.60-7.15 (m, 21H, Ar-H),
6.55 (t, 3H, CHF,), 3.0 (s, 3H, enol CH). Anal. Calcd for
TbC4sH33N,06Fs: C, 57.25; H, 3.28; N, 2.78; Tb, 15.80;
found: C, 56.94; H, 3.18; N, 2.62; Tb, 15.32.

Tb(DPBD);phen (C3): white solid, yield 72%; IR: cm !
3066 (W), 2969 (w), 1609 (s), 1570 (s), 1522 (s), 1468 (s),
1350 (s), 1273 (s), 1103 (s), 769 (s), 714 (s), 524 (m), 424 (W);
"H-NMR: § 8.70 (s, 2H, Ar-H), 7.90-6.65 (m, 21H, Ar-H),
6.35 (t, 3H, CHF,), 2.98 (s, 3H, enol CH). Anal. Calcd for
TbC4Ha9N,OgFs: C, 54.19; H, 3.11; N, 3.01; Tb, 17.09;
found: C, 54.07; H, 3.04; N, 2.97; Tb, 17.03.
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Scheme 1 The synthetic route of HDPBD ligand and C1-C5 terbium(III) complexes

Tb(DPBD)3neo (C4): white solid, yield 73%; IR: cm !
3061 (s), 2973 (m), 2723, 1610 (s), 1570 (s), 1530 (s), 1467
(s), 1351 (s), 1268 (s), 1102 (s), 768 (s), 704 (s), 538 (m), 425
(W);; '"H-.NMR: & 7.85 (s, 6H, Ar-H), 7.50-6.60 (m, 15H, Ar-
H), 6.45 (t, 3H, CHF,), 2.98 (s, 3H, enol CH), 2.80 (s, 6H,
CHs). Anal. Calced for TbC44H33N>OgFg: C, 55.11; H, 3.44,
N, 2.92; Tb, 16.59; found: C, 54.96; H, 3.31; N, 2.87; Tb,
16.42.

Tb(DPBD);bipy (C5): white solid, yield 70%; IR: cm !
3066 (w), 2968 (w), 1606 (s), 1569 (s), 1527 (s), 1467 (s),
1352 (s), 1270 (s), 1105 (s), 767 (s), 704 (s), 524 (m), 423 (w);
"H-NMR: & 7.90 (s, 8H, Ar-H) 7.60-7.15 (m, 15H, Ar-H),
6.40 (t, 3H, CHF,), 3.00 (s, 3H, enol CH). Anal. Calcd for
TbC40H29N206F62 C, 5298, H, 320, N, 309, Tb, 1754,
found: C, 52.83; H, 3.08; N, 3.02; Tb, 17.42.

Table 1 The data of elemental

analysis in HDPBD ligand and Compounds C(%) found (cal.) H(%) found (cal.) N(%) found (cal.) Tb(%) found (cal.)
C1- C5 complexes

HDPBD 59.96 (60.60) 3.92 (4.04) - -

Cl 45.38 (45.80) 3.06 (3.18) - 19.98 (20.22)

2 56.94 (57.25) 3.18 (3.28) 2.62 (2.78) 15.32 (15.80)

C3 54.07 (54.19) 3.04 (3.11) 2.97 (3.01) 17.03 (17.09)

C4 54.96 (55.11) 331 (3.44) 2.87 (2.92) 16.42 (16.59)

cs 52.83 (53.98) 3.08 (3.20) 3.02 (3.09) 17.42 (17.54)
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Table 2 The IR bands (cm™') of ligand and its corresponding C1-C5
terbium(III) complexes

Complexes v(O-H) ~v(C=0) v(C=N) v(C=C) v v
(Tb-N) (Tb-O)
HDPBD 3430 (b) 1635(s) — 1542 (s) — -
Cl 3338 (b) 1609 (s) — 1533 (s) — 423 (w)
C2 - 1609 (s) 1560 (s) 1522 (s) 532 (s) 430 (m)
C3 - 1609 (s) 1570 (s) 1522 (s) 524 (m) 424 (w)
C4 - 1610 (s) 1570 (s) 1530 (s) 538 (m) 425 (w)
Cs5 - 1606 (s) 1569 (s) 1527 (s) 524 (m) 423 (w)

b broad, s strong, m medium, w weak

Results and Discussion
Elemental Analysis

The analytical data of C, H and N elements in HDPBD ligand
and C1-C5 complexes are listed in Table 1. It can be seen that
the calculated and experimental values are in close proximity
which permit to set the stoichiometry of the complexes as
Tb(DPBD);H,O (C1), Tb(DPBD)3biq (C2),
Tb(DPBD);3phen (C3), Tb(DPBD)3sneo (C4) and
Tb(DPBD)sbipy (CS5). All the complexes were stable under
atmospheric conditions and soluble in DMSO
(dimethylsulphoxide), chloroform, acetone and in DMF
(dimethylformamide).

Spectroscopic Studies

The binding mode of ligand analyzed by IR spectra and their
data is listed in Table 2. All the complexes showed similar
binding modes of ligands, therefore exhibited similar profile
of spectra. Hence, the IR spectra of HDPBD ligand and one of
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Fig. 2 UV-visible absorption spectra of HDPBD ligand and its C1-C5
terbium(III) complexes

the complex i.e. C5 is depicted in Fig. 1. The spectra of
HDPBD ligand and C1 complex displayed a weak band at
3430 cm ! and 3338 ¢cm ™, attributed to the enolic O-H vibra-
tion in ligand and O-H vibration of water molecules in C1
respectively. This broad band was absent in spectra of C2-
CS5 complexes, indicating coordination of HDPBD ligand
with Tb** ion occured through enolic O-H group and success-
ful substitution of solvent molecules by ancillary ligands. The
strong »C=0 and enolic »C=C stretching vibrations of
HDPBD ligand showed a red shift of 29-25 cm ' and 20—
9 cm ! respectively in complexes, suggesting the involvement
of »C=0 group of ligand in complexation and extended 7t-
conjugation in complexes. The C=N stretching vibrations in
1560-1570 cm ' region appeared in spectra of C2-C5 com-
plexes only, which clearly revealed that the nitrogen atoms of
ancillary ligand participate in complex formation.
Furthermore, two bands in the region 538-524 cm ! and
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Fig. 1 The IR absorption spectra of a HDPBD ligand and b C5 terbium complex
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Fig. 3 The TG-DTG curves of
the terbium(TIT) C5 complex 100 4 -4 0.0
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430423 cm " noticed in spectra of complexes only, attributed
to Tb-N and Tb-O stretching vibrations respectively [23].

The "H-NMR spectra of complexes exhibited some appar-
ent changes as compared to spectrum of free HDPBD ligand.
The singlets of enolic ~OH proton at 15.01 ppm and keto —
CH, protons at 4.22 ppm noticed in the spectrum of ligand
which were not observed in spectra of complexes, suggesting
that the ligand in enolic form coordinated to terbium ion
through —OH group [24].

UV-Visible Spectra

Fig. 2 shows the UV-visible absorption spectra of HDPBD
ligands and C1-C5 terbium(III) complexes in ethanol solution
(1x 10> mol/L) at room temperature. It is noticed that the
absorption intensity of complexes increased as compared to
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Fig. 4 The powder XRD profiles of C1-C5 terbium complexes

ligand due to the expansion of 7t-conjugated system in com-
plexes as the terbium ion coordinated. The broad absorption
band centering around 282 nm of complexes assigned to the
7-7t% electronic transition of ligand. The absorption maxima
of ligand and complexes located around 282 nm indicating the
singlet excited state of ligand was not affected by the coordi-
nation of the terbium ion [25].

Thermal Analysis and Powder X-Ray Study

The thermal stability of terbium(IIl) complexes was examined
by thermal gravimetric (TG) and differential thermal curves in
a broad range of temperature from 35 °C to 800 °C. The
thermal behavior of all complexes showed stability upto
190-200 °C temperature therefore, C5 is explained in detail
as the representative of other complexes (Fig. 3). The first

[—c1
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7 5
Aem= 546 nm Fg->"D3

Normalized intensity (a.u.)

1
500

T
450

350 400
Wavelength (nm)

200 250 300

Fig. 5 Solid state photoluminescence excitation spectra of C1-C5
europium(II) complexes monitored at 546 nm
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little mass loss of 1.12% coincided with the loss of water
molecules from the complex. The second mass loss of
64.16% upto 322 °C temperature observed due to decompo-
sition of three DPBD molecules. Further, mass loss of 13.92%
upto 665 °C temperature obtained due to loss of bipy molecule
and finally, the terbium oxides as the final residue observed.
To know the amorphous or crystalline nature and particle
size of terbium complexes, the powder X-ray diffraction pro-
file was obtained as depicted in Fig. 4. The XRD profile of
C2-C5 complexes exhibited some characteristics peaks in 10—

80° range at 20 angle, indicating the crystallinity of the com-
plexes. On the other hand, a regular profile obtained for C1
complex, pointing the amorphous nature of complex which
may be the consequence of the presence of water molecules in
coordination sphere. The particle size of complexes was esti-
mated from the Scherrer’s eq. D =0.941A/3 cos 0, here D is
the average particle size, A is X-ray wavelength, 0 is diffrac-
tion angle and {3 is full width at half maxima (FWHM) of an
observed peak in XRD profile. The calculated particle sizes
were 51.73 nm for C2, 40.42 nm for C3, 44.92 nm for C4 and

Table 3 Luminescence data of

C1-C5 terbium(Ill) complexes Complexes Aex.(NmM) Aem.(nNM) Transitions assignments (x) and (y) coordinates T (ms)

Cl1 372 491 5D, — "Fg 0.2484, 0.5748 0.20
546 D, — Fs
584 D, — Fy
616 D, — Fs

C2 372 491 D, — "Fy 0.2476, 0.6062 0.46
545 D, — Fs
584 D, — Fy
616 Dy — Fs

C3 372 491 D, — Fg 0.2184, 0.3833 0.64
545 D, — Fs
584 Dy — "Fy
616 D, —F;

Cc4 372 491 5D, — "Fg 0.2232, 0.4460 0.82
545 D, — Fs
584 D, — Fy
616 D, — Fs

C5 372 491 D, — "Fy 0.2320, 0.5120 1.05
545 D, — Fs
584 D, — Fy
616 D, — Fs
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Fig. 7 The CIE chromaticity 111 11 ° C1
diagram of C1-C5 terbium T 1
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78.54 nm for C5 which are appropriate for the materials to be
used in display devices.

Luminescence Properties

The solid state photoluminescence excitation spectra of C1-
C5 complexes measured by monitoring the *D, — "Fs emis-
sion transition of Tb(III) ion at 546 nm and depicts in Fig. 5.
The figure shows a broad excitation band in the range 200—
500 nm, in which maxima (372 nm) associated with the 7t-7t*
transitions of HDPBD ligand.
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1 1 1
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Fig.8 Luminescence decay profiles of terbium(IIl) complexes monitored
at 546 nm in the solid state

x color coordinates

Fig. 6 displays the emission spectra of complexes under
UV excitation around 372 nm. The spectra dominated by
characteristic emission peaks of 4f-4f transitions of
terbium(IIl) ion at 491 nm, 546 nm, 584 nm and 616 nm
assigned to the 5D4 — 7F(,, 5D4 — 7F5, 5D4 — 7F4 and
D, — 'F5 transitions of terbium ion respectively as listed
in Table 3. It can be noticed that there was no emission peak
of ligand in emission spectra, suggesting the complete trans-
fer of absorbed energy of the ligand to the Tb(IIl) ion. The
emission peaks associated with Dy — "F4 and °Dy— 'F4
transitions were of low intensity as they were forbidden in
magnetic as well as electric dipole transitions, relative to
allowed °D, — "F¢ magnetic dipole and °D, — Fs electric
dipole transitions. The most intense D, — 'Fs electric di-
pole transition was sensitive to the chemical environment
associated with the ligand field around the Tb(IIl) ion
[26-28]. It is worth mentioning that as the interactions of
the terbium(IIl) ion with its chemical environment was
stronger, an asymmetric environment around the ligand
came into existence, which located the Tb(III) ion in asym-
metric coordination site [29]. Hence, the peak at 546 nm of
D, — Fs5 transition became of highest intensity, which in-
ferred intense green color to the terbium(IIl) complexes. Fig.
6 clearly revealed that the luminescence intensity of C2-C5
complexes was higher than C1 complex. This was due to the
presence of water/solvent molecules in the coordination
sphere of C1 complex which possessed high energy O-H
oscillators that promoted non-radiative decay process,
resulting to lower luminescence intensity. On the other hand,
as the solvent molecules substituted by ancillary ligands in
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Green luminescence
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Fig. 9 The representation of sensitization process of terbium(III) ion (left) and the proposed energy transfer mechanism in C5 complex (right)

C2-C5 complexes, the decrease in non-radiative decay was
observed. Hence, the higher luminescence intensity obtained
[30]. In this way, these ancillary ligands also played an
important role in the sensitization process which increased
luminescence intensity upto great level.

The luminescence color of complexes was typically char-
acterized in the form of Commission Internationale de
‘Eclairage (CIE) chromaticity color coordinates (x and y).
On the basis of emission spectra, the CIE color coordinates
of complexes estimated as (x =0.2484, y=0.5748) for Cl,
(x=0.2476, y =0.6062) for C2, (x=0.2184, y=0.3833) for
C3, (x=0.2232, y=0.4460) for C4 and (x=0.2320, y=
0.5120) for C5, and are listed in Table 3. The color coordinates
of all complexes fall under green region of chromaticity dia-
gram, as depicted in Fig. 7.

Fig. 8 shows the luminescence decay profiles of C1-C5
terbium(IIl) complexes in solid state corresponding to
D, — ’Fs transition of Tb(III) ion. The profiles can be fitted
to single exponential function, represented as /= I, exp. 77,
here T is radiative decay time, I and I, are luminescence in-
tensities at time t and 0 respectively. The average decay time
was determined to be 0.20 ms, 0.46 ms, 0.64 ms, 0.82 ms and
1.05 ms corresponding to C1-C5 terbium(III) complexes re-
spectively. The longer decay time of C2- C5 complexes as
compared to C1 complex attributed to reduced non-radiative
process due to the incorporation of ancillary ligands in coor-
dination sphere.

Mechanistic Investigation of Energy Transfer Process

The efficiency of intramolecular energy transfer is associated
with two main processes. First is energy transfer from lowest
triplet state (T;) of ligand to emitting levels of metal ion which
deals with the Dexter luminescence theory [31]. According to
this theory, the energy transfer rate constant (Ps) is determined
the effectiveness of the first process by the overlap between
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triplet state of ligand and resonating levels of metal ion, which
is given as

Ps = (27 Z*/h)[Fs (E).& (E).dE (1)

Here, Z? is constant related with the distance between the
metal ion and organic ligand; h is Planck’s constant; Fs (E) is
emission spectrum of ligand (donor) and &s (E) is absorption
spectrum of metal ion (acceptor). The second process is the
inverse energy transfer by thermal deexcitation process and
their rate constant K(T) is expressed as below in Eq. 2:

K(T) = A.eAE/RD) (2)

Here, AE is energy difference between lowest excited trip-
let level of ligand and resonance energy level of the metal ion.
On the basis of above discussion, too small or too large energy
gap AE (T;-M>") is not suitable for efficient energy transfer
process. Latva’s et al. suggested that the lowest excited triplet
state of ligand (T ;) should be above the resonating level of the
metal ion by 2000-5000 cm ' value to result in efficient en-
ergy transfer [32]. To explicate the intramolecular energy
transfer mechanism, the C5 complex is selected for detail dis-
cussion. The value of lowest singlet (S, 32,154 cm™ ') and
triplet (T4, 25,125 cm ) states of DPBD were calculated from
referencing their edge wavelength of absorption spectra and
lower wavelength of phosphorescence spectra (Fig. S1) re-
spectively. Similarly, the lowest singlet and triplet states of
bipy (S, 29,900 cm '; Ty, 22,900 cm ") ligand were also
estimated which closely approach to the literature value
[33, 34]. On the basis of above discussion, the proposed en-
ergy transfer mechanism in C5 complex is sketched as Fig. 9.
It is worthy to mention that the AE (T,-M>*) value for DPBD
and bipy observed to be 4759 cm ™' and 2534 cm ™! respective-
ly which was appropriate according to Latva’s empirical rule.
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Hence, it can be infered that the triplet state (T;) of DBPD
being higher energy, first transferred the absorbed energy to
bipy ancillary ligand which subsequently transferred it to the
trivalent terbium(Ill) ion. In this way, the ancillary ligands
expressed their synergistic effect in energy transfer
mechanism.

Conclusion

In summary, five new terbium(IIl) complexes were synthe-
sized and characterized. Under UV irradiation these com-
plexes emitted intense characteristic peak of terbium ion at
546 nm, accountable for green luminescent color. The highest
intensity of electric dipole >D, — 'Fs transition indicated low
symmetric coordination environment around the terbium(III)
ion in complexes. It is noteworty that the emission spectra of
ternary complexes (C2-C5) revealed the stronger lumines-
cence intensity than the binary complex (C1). This enhance-
ment in intensity attributed to the efficient intramolecular en-
ergy transfer from lowest triplet level of ligands to lowest
excited level of terbium ion due to synergestic effect of
anciliary ligands. Thus, the results of photophysical properties
and high thermal stability demonstrated that these complexes
can be employed as one of green component in light emitting
materials and in display devices.
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