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Abstract. Trivalent lanthanide ions show interesting optical properties. Keeping this in view, ﬁve Sm(III)
complexes were synthesized using 4-oxo-4H-1-benzopyran-3-carboxaldehyde (L) as primary ligand along
with 1,10-Phenanthroline (Phen); Bipyridine (Bipy); Bathophenanthroline (Bathophen) and Neocuproine
(Neo) as secondary ligands. Characterizations of prepared complexes were carried out by means of FTIR,
elemental analysis, UV–vis, ESI-MS?, thermal studies, PXRD, FESEM, and luminescence studies. Thermal
studies conﬁrmed the good thermal stability of complexes. Sharp peaks in X-ray diffractograms suggest their
crystalline nature. The photoluminescence process in complexes has been thoroughly studied and discussed in
liquid and powder state. The complexes show 4G5/2?6Hj transitions where j = 5/2, 7/2, and 9/2, analogous to
characteristic emission peaks of Sm(III) ion at * 566, 601, and 648 nm, respectively. The complexes
demonstrate intense emission peaks at * 601 in liquid and * 648 nm in a powder state, which is responsible
for bright orange and red emission, respectively. The synergistic effect of secondary ligands was responsible
for longer luminescence lifetime and enhanced emission intensity in ternary complexes. Attractive photoluminescence properties of complexes could play a vital role in electroluminescent devices, bio-assays, liquid
lasers, OLEDs, etc.
Keywords. Bright luminescence; Sm(III) complexes; crystalline nature; thermal studies; UV–vis; FESEM.

1. Introduction
Distinguished properties of organo-lanthanide complexes such as longer luminescence lifetime, high
luminescence intensities, high quantum yield, large
stoke shift, and sharp emission bands make them very
efﬁcient in the ﬁeld of medical and material sciences.1–5
Peculiar features and great potential applications of
organo-lanthanides have led scientists to work
tremendously in synthesizing novel lanthanide complexes with excellent thermal and photoluminescent
properties. To attain high thermal stability and to avoid
any material decomposition, the coordination number
of Ln(III) ion in the complex should be saturated.6
Another problem which needs to overcome is that
Ln(III) ions possess weak absorption and emission due
to parity forbidden transitions.7,8 However, if appropriate organic ligands coordinate with Ln(III) ion, the

absorption and emission efﬁciencies can be enhanced
through effective energy migration from ligand to metal
and this phenomenon is known as ‘antenna effect’.9
Chromones and their derivatives are a broad class of
organic heterocyclic compounds which consist of rigid
bicyclic structure.10 Extensive research on chromones
and their derivatives has been done till date, and they
validate great medicinal and pharmaceutical applications.11–14 Availability of bidentate oxygen coordinating sites make chromone compounds highly reactive
chelating ligands toward transition metal ions.15–18 Due
to rigid p-conjugated structure and active coordination
sites, chromone compounds may act as suitable antennae ligands in enhancing luminescence intensity and
thermal stability of lanthanides complexes.19
In this article, we report the synthesis of ﬁve Sm(III)
complexes
utilizing
4-oxo-4H-1-benzopyran-3-
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carboxaldehyde (L); 1, 10-Phenanthroline (C2);
Bipyridine (C3); Bathophenanthroline (C4) and Neocuproine (C5). Some Ln(III) complexes with selected
ligand have been reported previously.19 However, our
results differ from those reported earlier as it is also
reported that different reaction media can alter
chelating behaviour of chromones.19
Different characterization techniques like FTIR,
elemental analysis, UV–vis, ESI-MS?, thermal studies, PXRD, FESEM, and luminescence studies were
employed to interpret the structure, thermal, and
optical properties. Our research work is focused on
improving the thermal and luminescent properties of
complexes by introducing secondary ligands in the
coordination sphere of complexes through the
replacement of water molecules. Results obtained
from photoluminescence data revealed excellent
orange emission in DMSO and red emission in powder
state, which is further conﬁrmed by CIE coordinates.
Prepared complexes might be practically applicable in
the ﬁelds of photoelectric materials, OLEDs, biological assays, and liquid lasers.

2. Experimental
2.1 Materials and physical measurements
Commercially available chemicals such as Sm(NO3)3.
4-oxo-4H-1-benzopyran-3-carboxaldehyde;
1,
6H2O;
10-Phenanthroline; Bipyridine; Bathophenanthroline and
Neocuproine were used without further puriﬁcation. Distilled ethanol and double distilled water were used for
reaction purpose. FTIR spectra of ligand and complexes
were obtained by using the Perkin-Elmer spectrum-2 FTIR
spectrophotometer between 4000 and 400 cm-1 range
(resolution 0.5 cm-1) at room temperature. Carbon,
hydrogen, and nitrogen content in complexes were established using a vario MICRO CHN Elemental Analyzer.
Waters Xevo G2-S QTOF spectrophotometer was used to
determine Electrospray ionization mass spectra (ESI-MS?).
Thermal analysis was carried out at 10 °C/min heating rate
on SII 6300 EXSTAR instrument under argon gas. The
luminescence emission spectra and luminescent decay time
of powder samples were recorded on Hitachi F-7000 FL
spectrophotometer ﬁtted with a xenon lamp. The luminescence proﬁle (excitation and emission spectra) of liquid
samples were carried out with RF-5301 Shimadzu spectrophotometer, respectively. The Rigaku Ultima IV instrument with CuKa radiation was used to determine powder
XRD patterns. The FESEM images were obtained from the
Nova nano SEM 450 instrument. T90? UV/VIS and Perkin
Elmer Lamda 900 Spectrophotometer were used to record
electronic spectra of ligand and complexes in liquid and
powder form, respectively.
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3. Preparation of complexes
3.1 Complex C1 [Sm(L)32H2O]
To aqueous solution of Sm(NO3)36H2O (0.2225 g, 1
mmol), ethanol solution of Ligand L (0.261 g, 3
mmol) was added drop-wise, and pH value of the
resultant mixture was adjusted to neutral using aqueous NaOH. After continuously stirring the resultant
mixture for 3 h at 50 °C, it was left undisturbed for
2 h. The obtained precipitates were ﬁltered and
washed with water and ethanol. The residues were
dried in a vacuum desiccator to get complex C1. The
reaction was instigated by the nucleophilic attack of
the solvent molecule at the second position of a ligand
molecule to form an ethoxylation intermediate (4-hydroxy-2-ethoxy-2H-chromene-3-carbaldehyde).15
[Sm(L)32H2O], (C36H37O14Sm): Pale yellow powder, 68 % yield, Elemental analysis of complex 1
experimental (cal) % C, 51.39 (51.23); H, 4.67 (4.42).
ESI-MS?: [Sm(L)32H2O?H?] at m/z = 846.5343.
Ternary complexes C2–C5 were synthesized in
similar fashion, i.e. by mixing the solutions of
Sm(NO3)36H2O, ligand L and secondary ligands in
1:3:1 molar stoichiometry. After maintaining a constant pH of 6.8–7, this mixture was stirred on a magnetic stirrer at 50 °C for 3 h. The obtained precipitates
were ﬁltered and washed. The synthetic route of
complexes C1–C5 is displayed in Figure 1.
3.2 Complex C2 [Sm(L)3.Phen]
[Sm(L)3.Phen], (C48H41O12N2Sm): Pale yellow powder, 72 % yield, Elemental analysis of complex C2
experimental (cal) % C, 58.65 (58.34); H, 4.43 (4.18);
N, 2.37 (2.83). ESI-MS?: [Sm(L)3.Phen?H?] at m/
z = 990.9756.

3.3 Complex C3 [Sm(L)3.Bipy]
[Sm(L)3.Bipy], (C46H41O12N2Sm): Pale yellow powder, 71 % yield, Elemental analysis of complex C3
experimental (cal) % C, 57.79 (57.30); H, 4.15 (4.29);
N, 2.94 (2.91). ESI-MS?: [Sm(L)3.Bipy?H?] at m/
z = 961.9353.

3.4 Complex C4 [Sm(L)3.Bathophen]
[Sm(L)3.Bathophen], (C60H49O12N2Sm): Pale yellow
powder, 69% yield, Elemental analysis of complex C4
experimental (cal) % C, 63.65 (63.19); H, 4.86 (4.33);
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Figure 1. Synthetic route of complexes C1–C5.

N, 2.48 (2.46). ESI-MS?: [Sm(L)3.Bathophen?H?] at
m/z = 1143.0601.
3.5 Complex C5 [Sm(L)3.Neo]
[Sm(L)3.Neo], (C50H45O12N2Sm): Pale yellow powder, 72% yield, Elemental analysis of complex C5
experimental (cal) % C, 59.65 (59.09); H, 4.49 (4.46);
N, 2.98 (2.76). ESI-MS?: [Sm(L)3.Neo?H?] at m/
z = 1020.6292.
4. Results and Discussion
4.1 FTIR spectra
FTIR spectra of ligand L and its analogous complexes
C1–C5 were studied to investigate the changes
observed on complex formation. Frequencies observed
at 2867 cm-1, and 1690 cm-1 in free ligand correspond to m(C-H) and m(C=O) vibration of the aldehyde
group, respectively. The subsequent loss of parent
aldehyde peak at 1690 cm-1 was due to the attack of
solvent on ligand molecule and formation of a 4-hydroxy-2-ethoxy-2H-chromene-3-carbaldehyde intermediate.15 A new peak also appeared at 2857 (C1),
2857 (C2), 2857 (C3), 2854 (C4), and 2853 (C5)
corresponding to v(C-H) stretching vibrations of
ethoxy group in the complexes.15,20
The participation of ketone moiety in bond-formation with Sm(III) ion was established by red-shift from
1637 cm-1 of m(C=O) in the complexes to 1631 (C1),

1630 (C2), 1636 (C3), 1623 (C4) and 1630 cm-1 (C5).
The complexes display other relevant peaks at
529–545 cm-1 and 409–427 cm-1 due to m(Sm-N)
and m(Sm-O) stretching vibrations, respectively.9
Moreover, the complex C1 displayed a broad spectral
band from 3200 to 3500 cm-1, which can be assigned
to m(O-H) vibration of coordinated water molecules.

4.2 UV–vis spectra
As a result of parity forbidden 4f?4f transitions,
Ln(III) ions exhibit low absorption in the UV region.
In other words, the spectrum of complex is masked by
the absorption spectrum of ligand. UV–vis spectra of
ligand L and complexes C1–C5 in 10-5 M DMSO
solution and powder state are shown in Figures 2 and
3, respectively. The spectrum of ligand L displayed
intense absorption bands at 259 nm (38610 cm-1) and
352 nm (28409 cm-1) in solution and powder state,
respectively. On complex formation, the absorbance
maxima were shifted to 264 (37878 cm-1), 265
(37735 cm-1), 265 (37735 cm-1), 264 (37878 cm-1)
and 252 nm (39682 cm-1) in solution and 295
(33898 cm-1), 321 (31152 cm-1), 291 (34364 cm-1),
316 (31645 cm-1) and 268 nm (37313 cm-1) in
powder state for complexes C1–C5, respectively. The
spectral bands in powder complexes were slightly
blue-shifted relative to that of free ligand that shows
that the singlet level of ligand L is not much affected
on complex formation.21 Due to complex formation,
the metal ion induces perturbation in the electron
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materials in photovoltaic systems, since their optical
energies are larger than other commonly used semiconductors.29,30
4.3 PXRD and FESEM

Figure 2. UV–vis spectra of ligand L and complexes C1–
C5 in 10-5 M DMSO.

The powder X-ray diffraction analysis is a widely used
technique for the determination of crystallinity in
organic and inorganic compounds. Since the crystalline nature of luminescent materials plays an
important role in photonic devices, the powder XRD
data of prepared complexes were recorded to get an
idea about their crystalline behaviour.31–33 The
diffractograms of complexes C1–C5 exhibited welldeﬁned sharp peaks between 10 and 50° at 2h angle as
shown in Figure 4. This shows crystalline nature of
complexes and the average size of crystallites can be
theoretically calculated from Debye-Scherrer’s formula34 as follows:
D¼

Figure 3. UV–vis spectra of ligand L and complexes C1–
C5 in a powder state.

density of ligand. As a result, the spectral bands of
complexes undergo blue-shift because the electron
density is shifted away from the ligand towards metal
ion.22 Since no spectral bands were noticed beyond
450 nm, the UV–vis spectra of complexes were
recorded up to 450 nm in the solution phase.23
Furthermore, the compounds with optimal HOMOLUMO gap are promising candidates in semi-conducting devices and photovoltaic systems.24,25 Hence,
HOMO-LUMO gap were also determined from UV–
vis spectra of powder samples, using equation26 given
below:
ahm ¼ AðhmEgÞn

0:941k
b cos h

where, 0.941 is a constant known as shape factor; k is
X-ray wavelength; b is full-width at half-maximum
(FWHM) of the intense peak; D is average crystallite
size and, h is diffraction angle. The average experimental size of crystallites was 42.9 (C1), 45.1 (C2),
47.6 (C3), 47.6 (C4) and, 50.4 nm (C5).
FESEM helped in determining the microstructure
and surface morphology of complexes. All the
parameters involved are represented on the image
itself. The micrograph of complex C1 represented
homogenous morphology having regular rod-shaped
particles.35 Micrograph of complex C2 demonstrated

ð1Þ

Here, a is the absorption coefﬁcient; m is the frequency
of incident photon; h is Planck’s constant; A is band
tailing parameter; n is the power factor of transition
mode, and Eg is optical band gap energy. The value of
‘‘n’’ is dependent on the type of electronic transition.26–28 The calculated optical HOMO-LUMO gap
of complexes C1–C5 from Tauc’s plot was found to
be 3.12, 2.89, 3.06, 2.87, and 2.89 eV. The complexes
have the capability to be used as semiconducting

ð2Þ

Figure 4. Powder XRD of complexes C1–C5.
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snow-bush morphology, and the particles size was
5 lm.31 Metal complexes having uniform morphology, narrow particle size and crystalline nature play a
vital role as luminescent materials in photonic devices
and these conditions are satisﬁed by the synthesized
complexes.33
4.4 Luminescence properties
4.4.1 PL excitation: Excitation spectra (Figure 5)
of complexes C1–C5 were obtained in DMSO solution
(10-5 M) at 601 nm emission wavelength at RT. The
spectra are broad bands with maximum absorbance at
378, 390, 383, 394, and 386 nm for complexes C1–C5,
respectively, which corresponds to the intra-ligand
excitation transition of organic ligands.
4.4.2 PL emission: Photoluminescence spectra of
complexes were recorded at room temperature in 10-5
M DMSO solution and powder state on excitation with
370 nm wavelength. On absorption of UV light, the
complexes emit bright luminescence in liquid and
powder states, and their emission spectra are given in
Figures 6 and 7, respectively. The complexes show
characteristic Sm(III) ion spectral bands which arise
from f–f transitions 4G5/2?6H5/2 (* 566 nm), 4G5/
6
4
6
2? H7/2 (601 nm) and G5/2? H9/2 (648 nm) have
DJ = 0, 1 and 2 respectively, where J is total angular
momentum.36,37 In DMSO solution spectral bands at
* 566 nm is the magnetic-dipole transition, 601 nm is
mixed magnetic-electric dipole transition, and 648 nm
is electric dipole transition while in a powder state, the
4
G5/2?6H7/2 is magnetic-dipole transition and
hypersensitive 4G5/2?6H9/2 is electric dipole
transition.38 The complexes exhibit orange emission
in DMSO solution due to most intense 4G5/2?6H7/2

Figure 5. Excitation spectra of complexes C1–C5 (in
10-5 M DMSO) at RT, kem is 600 nm.

Figure 6. Emission spectra of complexes C1–C5 at RT in
10-5 M DMSO, kex is 370 nm.

Figure 7. Emission spectra of powder complexes C1–C5
at RT, kex is 370 nm.

transition at * 601 nm. The stark splitting observed in
4
G5/2?6H7/2 transition corresponds to asymmetry in
the complexes.39 The intensities of luminescence
bands are sensitive towards the nature of ligand
environment; thus, dissimilar emission spectra of
complexes were observed in solution and powder
state.40,41 The electric dipole transition at * 648 nm
was most dominant, and this enhanced transition was
responsible for intense red emission in complexes. The
strong and narrow emission of electric dipole
transition supports lower asymmetric local
environment around Sm(III) ion.42,43 If a metal
centre is situated in a highly asymmetric
environment, the luminescence intensity is greatly
enhanced. The presence of high vibronic coupling C-H
or O-H oscillators of solvent molecules quenches the
excited state of Sm(III) ion in solution.37 Hence, the
relative emission intensity of complexes in solution
was lower than in powder state. Also, high vibrational
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energy O-H bonds of coordinated water molecules
quench the luminescence efﬁciency of binary complex
C1.
Introduction of secondary ligands increases the pconjugation in ternary complexes and lower the nonradiative loss of energy due to O-H vibrations from
water molecules.32 As a consequence of extended pconjugation, the ligand energy levels are lowered,
and energy migrates from ligand triplet state to resonant level of central metal ion very efﬁciently.43
Hence, the emission intensity of ternary complexes
C2–C5 was comparatively higher than that of binary
complex C1.7,33 Ternary complex C5 (consisting of
neo) has the highest emission intensity, this may be
attributed to the presence of electron-donating methyl
moieties which tend to increase electron density on
Sm(III) ion.32 Complex C4 also has electron-donating phenyl groups on bathophen, but these groups
create steric hindrance which results in the reduction
of emission intensity of C4 as compared to that of
C5.44
4.4.3 Quantum yield, color chromaticity and decay
time: To explore the effect of secondary ligands on
emission intensity of Sm(III) ion, luminescence
quantum yield of complexes C1–C5 (/s) was
calculated in DMSO solution with the help of
equation (3), against standard quinine bisulphate in
0.5 mol H2SO4 (/st = 0.546 and g = 1.333)45:
/s ¼

/st Is Ast n2s
Ist As n2st

ð3Þ

Where, s and st imply sample and reference, respectively; I is integrated luminescence intensity; A is the
absorbance at the excitation wavelength and, g is the
refractive index of solvent. The refractive index is
considered equivalent to that of the pure solvent. The
obtained values of luminescence quantum yield for
complexes C1–C5 were equivalent to those attained
from diketones and carboxylic acids.46–49 Hence, the
selected ligands act as efﬁcient sensitizers.
Color coordinates (x, y) of complexes in DMSO
solution and powder state are represented in Figure 8,
and the values of coordinates and quantum yield are
given in Table 1. The relative intensity of orange (in
DMSO) and red (powder state) emission increases as
we move from binary to ternary complexes.
The luminescence lifetimes of powder complexes
C1–C5 were obtained on F-7000 FL spectrophotometer by monitoring dominant emission transition
(4G5/2?6H9/2) at 648 nm. The luminescence decay
times were derived from the following equation:

Figure 8. CIE color coordinate diagram of complexes
C1–C5 in DMSO and powder state.

I ¼ I0 exp t=s



ð4Þ

where, I signiﬁes emission intensity at time 0; I0
denotes emission intensity at a time, and s denotes
luminescence decay time.50 The decay curves (Figure 9) exhibited mono-exponential behaviour. The
lower lifetime value for C1 may be attributed to nonradiative decay via the vibronic coupling of coordinated water molecules.51 The ternary complexes C2–
C5 exhibited greater lifetime values that revealed the
role of secondary ligands in suppressing non-radiative
deactivation process and enhancing luminescence
intensities.32 All the spectral data, color coordinates,
quantum yield, and decay time of complexes C1–C5
(in solution and powder state) are summarized in
Table 1.
4.4.4 Energy
transfer: Binary
complex
Gd(L)32H2O was prepared using the same procedure
as for complex C1, and its phosphorescence spectrum
was recorded at room temperature for determining the
triplet energy level of organic ligand L. Gd(III) does
not emit in the visible region since its energy levels are
placed above 32000 cm-1, this value is considerably
higher than the excited levels of ligands.52 So, it is
impossible for Gd(III) ion to accept energy from
organic ligands. As no emission from Gd(III) ion is
observed, so phosphorescence (T1?S0) spectrum is
obtained purely from ligand L.53 The singlet and
triplet energy levels of secondary ligands (phen, bipy
and bathophen) except neo have been obtained from
the literature.23 The proposed energy transfer
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Table 1. Photoluminescence data, CIE coordinates, quantum yield and decay time of complexes C1–C5.
Emission kmax (nm)
4

Complexes Medium
C1
C2
C3
C4
C5

Solid
DMSO
Solid
DMSO
Solid
DMSO
Solid
DMSO
Solid
DMSO

G5/2? H5/
6

4

G5/2?6H7/

4

G5/2?6H9/

2

2

2

566
564
566
560
565
564
563
561
563
562

601
600
601
598
601
600
600
599
599
599

648
647
647
644
646
647
648
644
646
645

x, y
coordinates
0.60,
0.52,
0.61,
0.54,
0.62,
0.56,
0.63,
0.58,
0.64,
0.59,

0.39
0.44
0.38
0.45
0.37
0.43
0.36
0.41
0.34
0.40

Quantum yield
(%)

Decay time s
(ms)

–
0.9
–
1.2
–
1.2
–
1.6
–
1.8

0.412
–
0.454
–
0.466
–
0.501
–
0.507
–

Figure 9. Luminescence decay curves of powder complexes C1–C5 at room temperature.

mechanism is depicted in Figure 10. The energy
transfer mechanism in complex C5 can be assumed
to be similar as in complexes C2–C4 on the basis of
results obtained from luminescence intensity, quantum
yield, and lifetime values. The singlet excited energy
level (S1) of ligand L was found to be 25000 cm-1,
which is estimated from edge wavelength of its UV–
Triplet
energy
level
vis
spectrum.44
(T1 = 21881 cm-1) was determined from lower
emission edge wavelength of phosphorescence

spectrum. As observed from photoluminescence data,
the resonant level (4G5/2) of Sm(III) was situated at
* 17730 cm-1 (* 566 nm). The effectiveness of
intramolecular energy transfer from ligand to
lanthanide ion depends on the energy gap between
triplet level of ligand L and resonant level of
lanthanide ion.54 The energy gap DE between T1 of
ligand L and 4G5/2 level of Sm(III) was * 4151 cm-1,
which satisﬁes the condition for effective
intramolecular energy migration between ligand
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Figure 10. The proposed energy transfer mechanism in
complex C1–C4.

Figure 11. TGA/DTG curve of complex C1.

L and Sm(III) ion.55 All the results indicate that the
selected ligand L is an efﬁcient sensitizer for Sm(III)
ion. The corresponding energies of ligands L, phen,
bipy and bathophen are tabulated in Table 2.

4.5 Thermal analysis
Thermal degradation curves of complexes were
obtained under the argon atmosphere to check the
stability and pure decomposition of complexes in inert
environment.56,57 Complexes (C2–C5) exhibited similar thermal decomposition patterns, so the TGA/DTG
curve of complex C2 is taken as a representative
example for all ternary complexes (Figure 12). As
shown in Figure 11, the complex C1 exhibited initial
mass loss of 4.14% (found 4.27%) up to 125 °C,
ascribed to loss of coordinated water molecules.
Above 160 °C, the continuous loss was ascribed to the
decomposition of organic ligand moiety. The ternary
complexes exhibited no loss up to 180 °C, conﬁrming
the absence of coordinated water molecules. Above
700 °C, stable metal oxides were obtained. The weight
of residue is higher compared to that of the calculated

Figure 12. TGA/DTG curve of complex C2.

one, and it may be assigned to the formation of ashes
of organic ligand due to incomplete decomposition,
thus revealing higher thermal stability.58,59 The complexes C2–C5 possess higher thermal stability up to
180 °C. Hence, they can be employed as luminescent
materials in light-emitting devices.60

Table 2. The energies of ligand L, phen, bipy and bathophen.
Ligands

Excited level

Energy of excitation level (cm-1)

DE (S1 - T1) (cm-1)

DE (T1 - 4G5/2) (cm-1)

Phen

Singlet (S1)
Triplet (T1)
Singlet (S1)
Triplet (T1)
Singlet (S1)
Triplet (T1)
Singlet (S1)
Triplet (T1)

31000
22100
29900
22900
29000
21000
25000
21881

8900

4370

7000

5170

8000

3270

3119

4151

Bipy
Bathophen
L

J. Chem. Sci. (2020)132:95

5. Conclusions
The reaction of Sm(III) salt with 4-oxo-4H-1-benzopyran-3-carboxaldehyde (L) and other ancillary
ligands such as 1,10-Phenanthroline (Phen); Bipyridine (Bipy); Bathophenanthroline (Bathophen) and
Neocuproine (Neo) resulted in the formation of
orange-red luminescent complexes. Characterization
of synthesized complexes was done by means of FTIR,
elemental analysis, UV–vis, ESI-MS?, thermal studies, PXRD, FESEM, and luminescence studies. The
ternary complexes having N,N’-donor p-conjugated
ligands exhibited higher thermal stability up to
180 °C. The crystalline nature of complexes was
conﬁrmed by PXRD. The brilliant luminescence of
complexes is attributed to asymmetrical structures. In
the case of binary complex, the vibronic coupling of
high energy O-H oscillators of water molecules is
responsible for non-radiative dissipation of energy,
resulting in quenching of luminescence and lower
quantum yield. Higher quantum yield and longer
luminescence lifetime of ternary complexes indicate
effective photosensitization of Sm(III) ion by the
ligands. The selected ligands act as efﬁcient sensitizers
as they transfer energy to the lowest emitting level of
Sm(III) ion via antenna effect. The simple synthesis,
excellent luminescence, high thermal stability, and
color tunability facilitate the synthesized complexes to
become useful agents in material science.
Supplementary Information (SI)
The ESI-MS? spectra of complexes C1–C5 are given in
Figures S1–S5. The results of elemental analysis of complexes C1–C5 are shown in Figure S6. The FTIR spectra of
ligand L and its corresponding complexes C1–C5 have
been shown in Figures S7–S12. The Tauc’s plots of complexes C1–C5 are represented in Figure S13. The PXRD
data, d-spacing, and intensity of most intense peaks
observed in complexes C1–C5 are tabulated in Table S1.
The FESEM image of complex C1 is shown in Figures S14,
whereas the FESEM image of complex C2 is displayed in
Figure S15. The Phosphorescence spectrum of powder
complex Gd(L)32H2O measured at room temperature is
presented in Figures S16. Supplementary information is
available at www.ias.ac.in/chemsci.
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