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Abstract

The synthesis of 1-benzyl-2-((2-Aminoethyl) amino)-5-oxopyrrolidine-3,4-diyl diacetate (boad), an oxopyrrolidine type ligand;
designed to coordinate lanthanides (Eu’* and Tb>") to get luminescent material. The target complexes showed good
photoluminescence properties, which indicate that this type of compound can be used as sensitizers having luminescence for
the green (Tb>*) and red (Eu®*) emission. The obtained results revealed that sensitizer efficiency can be improved by adding
ligands like acac (Eu(acac)s, which has also enhanced the luminescence quantum output and period for Eu** ions. The ground
state geometries were developed by using density functional theory at B3LYP/6-31G** level. The charge transfer analysis and
electronic properties were performed. The Europium and Terbium complexes formation with boad ligand was explored based on
molecular electrostatic potential, MDC-q charges, and frontier molecular orbitals (FMOs) analysis.

Keywords Tartaricacid - Oxopyrrolidine - Europium - Terbium - Lanthanide complexes - Photoluminescence: Density functional
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Introduction

The fluorescence-based sensors, solar thermophotovoltaic,
and light-beam diodes (single-photon sources) are based on
emission, which is not an intrinsic worth of luminescent
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material. Emission originates as a result of the interface be-
tween its electromagnetic environment and the material. The
emission features changes with the alteration with modifica-
tion of the environment have possible utilization with integrat-
ed photonics, sensing, and solar energy transformation [1].
Due to their light emission properties, lanthanide ion com-
plexes have applications in areas ranging from fluoro-
immunoassays to materials science [2].

The ligands play a key role in absorbing energy in demand to
acquire strongly luminescent complexes. The lanthanide ions
exhibit ample dimension with photonic utilization, like lumines-
cent probes for analyses, amplifiers for optical transportations,
tunable lasers, a segment of the emitting components within
organic light-emitting diodes (multilayer), and efficient light
transformation molecular equipment. [3—5]. When the rare earth
ions are coordinated with ligands containing chromophores, the
weak absorbance from the rare earth ion can be overcome to
exhibit higher luminescence intensity. The ligand lowest energy
level, i.e., triplet state (T) grants energy transfer within rare-earth
jons to their excited state [6]. The Tb>* and Eu®* ions are having
peculiar attention because of their lengthy luminescence lifetime
and limited radiations line within the visible region. [7-9]. The
organic and inorganic segment informally mixed with the hybrid
component to establish a valuable class of materials accord
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synergistic possessions that grant towards new performances
having reinforced properties. These materials have applications
in microelectronics, optics, batteries, photovoltaics, biology, and
medicine [10, 11].

Our group has been working on oxopyrrolidine compounds
[12-16]. We synthesized the 1-benzyl-2-((2-Aminoethyl) ami-
no)-5-oxopyrrolidine-3,4-diyl diacetate (baod) compound and
reacted with Eu®* and Tb>" ions to develop complexes that
present emission of light. In the preliminary study, the ligand
baod has gained very interesting properties, which has got in-
terest in further luminescence study. With the aim to synthesize
and characterize functional luminescent materials, we explored
the electronic and optical properties of the 1-benzyl-2-((2-
Aminoethyl) amino)-5-oxopyrrolidine-3,4-diyl diacetate ligand
(baod) (by experimental and advanced computational ap-
proaches. Moreover, two new complexes of Eu** and one of
Tb>* were synthesized and characterized to study their
photoluminescence and emission quantum efficiency of the
emission process were measured.

Material and Methods

All commercial-grade starting substances used without further
purification. "H-NMR (300 MHz), '*C-NMR (75 MHz) spec-
tra were reported with Bruker DPX 300, using CDCl; as a
solvent. Infrared bands were recorded using an FTIR
Spectrometer (Agilent Cary 630). Steady-state emission and
excitation spectra determined at room temperature (~25 C),
whereas 77 K temperatures for liquid nitrogen were reported.
The Xenon lamp (450 W) as the excitation source and 22.51
(front face) angle using Fluorolog 3 spectrofluorimeter with
0.22 m monochromator double grating (SPEX 1680) were
used. The spectral readings were documented with detector
mode correction. This equipment was controlled by software
FluorEssence 3.0. The curves for luminescence decay with
emitting points were recorded using a SPEX 1934D
phosphorimeter coupled to the spectrofluorometer. The | -
tartaric acid, acetyl chloride, benzylamine, sodium
borohydrate, acetic anhydride, boron trifluoride etherate, eu-
ropium oxide (Eu,03), acetylacetone (acac), and terbium ox-
ide (Tb405) were purchased from Sigma-Aldrich. The hydrat-
ed lanthanide (II) chloride hexahydrated(LnCl;-6H,O) was
groomed using their respective oxide by reacting with HCI
solution (concentrated) with complete disintegration of solid
material having pH close to 6.0.

Procedure for Synthesis of Ligand [1-Benzyl-2-((2-
Aminoethyl) Amino)- 5-Oxopyrrolidine-3,4-Diyl
Diacetate] (Bao)

To a 25 mL 2-neck round bottom flask of 1-benzyl-5-
oxopyrrolidine-triyl triacetate (d, 1 mmol) [12] was
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combined with 5 mL of dry DMSO under N, at room
temperature. BF;.etherate (1.2 eq) was mixed drop wise
and resulting concoction was agitated at same temperature
for 30 min with drop wise addition of 1,2 ethane diamine
(3 mmol) and left for 2 h. The reaction completion was
confirmed after the TLC and GC-MS analysis. After its
completion 1 M HCI (10 mL) was added for quenching,
extracted with solvent chloroform (3 x 26 mL), dried over
MgSO, and concentrated under vacuo to get correspond-
ing product (baod). Synthetic scheme is shown in
(Scheme 1). FTIR (cm '): v(N-H) 3197; v(C=0) 1678;
v(C-N) 1499, v(C=C) 1454, 1436, v(ph) 1078; 'HNMR
(300 MHz, chloroform-d): 1.25 (t, J=6.00, 12.00 Hz,
2H +NH), 2.02 (t, J=3.00, 6.00 Hz, 2H), 2.13 (s, 6H),
2.63 (NH), 4.09 (t, J=6.01, 15.00 Hz, 1H), 4.41 (s, 2H),
4.62 (1H, dd, J=6.01, 15.01 Hz), 4.90 (1H, d, J=
15.01 Hz), 7.24-7.30 (m, 5H); ">*CNMR (75 MHz, chlo-
roform-d): 21.09 (2C), 42.36, 44.85, 49.22, 65.20, 75.09,
79.46, 126.23, 127.87 (2C), 128.00, 128.70 (2C), 136.47,
173.20 (3C). The photoluminescence spectra resulted in
maximum emission spectra at 510 nm.

General Procedure for Synthesis of Complexes (1, 2, 3)

The complexes ([Eu(baod),(H,0O),] 1, [Eubaod
(acac),H,0O] 2 and [Tb(baod),(H,0),] 3) were prepared
according to reference [8]. The ligand (1 mmol) was dis-
solved within ethanol (20 mL), potassium tert-butoxide
(4 mmol) was mixed, followed by 30 min stirring. The
EuCl;.6H,O or TbCl3.6H,O (0.5 mmol) was dissolved
with the dropwise addition of EtOH, and left for 24 h mag-
netic stirring. The solvent was evaporated under vacuum to
get residual molecules. Then washed with CHCI; and
evaporated under high vacuum to get the respective com-
plexes (Scheme 2).

[Eu(baod),(H,0),] (1): FTIR (in cm 71): (N-H, H,0)
3201, (C=0) 1674, (C-N) 1499, (C=C, CHj3) 1454,
1436, (ph) 1078, 702

[Eu(baod)(acac),.H,0] (2): FTIR (in cm '): (N-H,
H,0) 2921, (C=0) 1693, (C-N) 1547, (C=C, CHj)
1413, 1346, (ph) 1231, 1022, 948, 702.
[Tb(baod),(H,0),] (3): FTIR (in cm '): (N-H, H,0)
3033, 2940, (C=0) 1707, (C-N) 1454, (C=C, CHj)
1436, 1372, (ph) 1223, 1078, 1033, 952, 706.

Computational Details

The first-principles approaches are fascinating tools to
probe different properties of concern [17]. The forecasting
of electronic properties systematically calculated by
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material 1-benzyl-2-((2- HO OH 2 Benzyl amine, THF, rt, 4 h NaBH.. EtOH
aminoethyl)amino)- 5- B 4 >
oxopyrrolidine-3,4-diyl diacetate HO,C CO,H 3.CH3COCI, reflux, 5 h O0—>\""0 THF. -30 °C. 30 min
1' d b Lt
(Heand a o 83%
b
AcO OAc

AcO

Iﬁ\ Ac,0, Ef3N, 4—DMAP
O~ >\~ OH

CH,Cly, rt, 3 h

) 88%

Ph

c

density functional theory (DFT) and meritoriously simu-
lated the experimental data [18]. For the measurement of
ground state (Sy) geometries and electronic properties, the
DFT is a suitable approach. The DFT was found a com-
pelling and decent path for the geometries optimizations
(So) of various molecules [19]. The B3LYP is rational for
the Sy geometries in different molecules and their com-
plexes [20]. Already, it was achieved that subsequently,
geometries optimizing of the molecules using the B3LYP
functional approach with an estimate of basis groups have
no extraordinary effect on the geometrical specifications
[21]. In the current examination, the optimizations were
implemented with functional B3LYP and triple zeta with
(TZ2P) 2 polarization function basis group [22]. ADF was
used for the computational purposes.

Scheme 2 Structure of amino-
oxopyrolidine luminescent mate-
rials: [Eu(boad),(H,0),] (1),
[Eu(boad)(acac),.H,0] (2) and
[Tb(boad),(H,0),] (3).

H0 " R
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Result and Discussion
Characterization

The organic linker ligands coordinate with the metal ions have
attracted noteworthy attention in the fields of supramolecular
chemistry, materials chemistry, polymer science, and inorgan-
ic chemistry [23]. Herein, we synthesized organic linker li-
gand (Scheme 1), which coordinates with lanthanide ions
(Scheme 2), which gives luminescent material as novel phos-
phors. The organic linker synthesis was carried out using six
steps. The main synthetic protocol is the synthesis of
oxopyrrolidine and addition of ethylene-di-amine to acylium
ion, generated by Lewis acid [7]. The synthetic ligand was
confirmed by 'H-, 3C-NMR, and FTIR techniques.

acac
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Fig. 1 "HNMR (300 MHz, chloroform-d) of 1-benzyl-2-((2-Aminoethyl) amino)- 5-oxopyrrolidine-3,4-diyl diacetate (baod)
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Fig. 2 I3CNMR (75 MHz, chloroform-d) of 1-benzyl-2-((2-Aminoethyl) amino)- 5-oxopyrrolidine-3,4-diyl diacetate (baod)
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NMR Spectra of Ligand

The "HNMR spectrum was recorded at room temperature
(300 MHz, chloroform-d), which is showing a resonance peak

at & 1.25 and 2.02 for the 4H of methylene and amine protons
(NH and NH,) were resonating at & 1.25 and 2.63 respectively.
Additionally, broad singlet peak resonating at & 2.13 relates to
6H of methyl (CH;COO-). The methylene (ArCH,-) protons
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Fig. 3 FTIR absorption spectra of [Eu(boad),(H,0),] 1, [Eu(acac),(boad)H,0] 2 and [Tb(boad),(H,0),] 3
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resonated at & 4.41. The methine (CH) protons showing reso-
nance peaks at 6 4.09, 4.62, and 4.90. The aromatic (Ar-) reso-
nance peaks were observed at & 7.24-7.30, as shown in Fig. 1.
The "*C NMR spectrum was recorded at room temperature
(75 MHz, chloroform-d), which displays a resonance peak at &
42.36 and 44.85 for methylene ((NHCH,CH, NH,). Similarly,
other *C NMR resonance peaks are also evident with the report-
ed oxopyrrolidine spectra [12], as shown in Fig. 2.

FTIR Spectra of Ligand and Complexes

The FTIR spectra of baod and complexes (1, 2 and 3) show
similar absorption peaks at around 1227 (N-H bending), and
1078 and 702 cm ™" corresponding to an aromatic moiety (C-H
bending). Similarly, absorption bands at 1350-1550 cm ™" are
assigned to stretching modes of C=C of the aromatic ring. The
absorption bands observed at 1674—1707 cmﬁl, which are due
to asymmetric stretching and asymmetric stretching modes of
carbonyl groups. A broad absorption band observed at around
3200 cm ™' is because of the ligand N-H stretching and also in
the complex (1) as well, it indicates the presence of moisture
contents. In complexes (2 and 3) weak absorption peaks
around 2921-3033 cm ™' were observed due to stretching vi-
brations of C-H, as shown in Fig. 3.

Photoluminescence Investigations

The excitation spectra of Eu(baod),(H,O),] (1),
[Eu(acac),(boad)H,O] (2) complexes were recorded in the
spectral range from 250 to 550 nm (Fig. 4) monitored at the
hypersensitive Dy — F, transition (~613 nm), at low tem-
perature (77 K). The showing excitation narrow peaks at
394 nm, assigned to the "Fy — °Lg transition of the Eu**
ion. The broad excitation band centered at around 349 nm is
assigned to the Sy — S; electronic transition of the acac li-
gand. Besides, it is observed narrow excitation peaks originat-
ed from the 4f-4f transitions of the Eu>*-complexes such as:
"Fy — °D; (535 nm), 'Fy — D, (465 nm), 'Fy — °D;
(415 nm), 'Fy — °Lg (394 nm), 'Fy — L, (375 nm) and
"Fo — D4 (362 nm) [23, 24].

In addition, Fig. 4 shows the broad excitation band at
303 nm the attributed to the Sy — S; transition of the baod
ligand as well as the narrow excitation peaks arising from the
"Fs — °Dy4 (486 nm), 'Fg — °L;o (368 nm), 'Fs — °Gs
(358 nm) and 'F¢ — °L¢ (352 nm) transitions of the metal
ion in the [Tb(boad),(H,0),] complex. Therefore, the highest
excitation intensity of Sy — S; transition of the baod
ligand compared with 4f-4f transitions of Tb**-complex
indicates the highest intermolecular transfer energy effi-
ciency from the ligand to the metal ion, as well as
compared to the Eu’* complexes.

The emission spectra of the Eu**-complexes recorded
range from 400 to 750 nm (Fig. 5) under excitation of

@ Springer

Excitation spectra

Intensity / Arb. units

Eu(acac),(boad)(H,0)

250 300 350 400 450

Wavelength / nm
Fig. 4 Excitation spectra of the [Eu(boad),(H,0),] (1),

[Eu(boad)(acac),.H,O] (2) and [Tb(boad),(H,0),] (3) complexes
monitored at emission at ~613 and 550 nm respectively

500 550

"Fy — °L¢ (~394 nm), at 77 K present a high phospho-
rescence broadband intensity centered at 510 nm
assigned to the triplet state (T;) of the organic ligand.
Besides, it is observed the narrow emission bands

Emission Spectra

5
D~

r [Eu(acac),(boad)(H,0)]
7

N hex: 394 nm F1
7
Fo

I [Eu(boad),(H,0),]
hex: 394 nm

Intensity / Arb. unit.
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Fig. 5 Emission spectra of the ligand, [Eu(boad),(H,0),] (1),
[Eu(boad)(acac),.H,0] (2) and [Tb(boad),(H,0),] (3) complexes under
excitation at 394 and 349 nm
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Table 1

Experimental intensity parameters (£2,), emission quantum efficiency (ngzi ) non-radiative (A,.q), radiative (A,q), and total emission (Ay)

rates at the room temperature for the [Eu(baod),(H,0),] and [Eu(acac),(baod)(H,0),] complexes have been calculated

Comp ounds Q2 Q4 Arad Anrad Atol QEuii
20 .2 20 2 -1 ~1 -1 Lu
(1072 cm?) 1072 ecm?) s (s) (s ) (%)
[Eu(baod),(H,0),] (1) 7.1 14.9 489 4198 4687 10
[Eu(acac),(baod)(H,0),] (2) 6.4 9.8 389 1482 1871 21
[Eu(acac)3(H20)3]* 29 11 757 2609 3366 31
*[27]

attributed to the Dy — 'Fo (578 nm), 'F; (591), 'F,
(613), "F5 (650 nm), and 'F, (694 nm), transitions of
the europium ion in the [Eu(boad),(H,0),] and
[Eu(boad)(acac),H,O] complexes. The presence of the
Dy — ’F, transition at 578 nm for the Eu®*-complexes
indicates the symmetry sites C,, C,y, or Cs. As can be
seen, Fig. 5 shows the broad emission band more prom-
inent for the [Eu(boad),(H,O),] complex than for
[Eu(boad)(acac),(H,0)], suggesting that the energy
transfer from the triplet state (T;) of the ligands to the
excited °D; and D, levels are more efficient for the
compound that contain sensitizer acac ligand. [23-26].
It is noteworthy that the emission and excitation spectra
of the prepared Ln’*-complexes recorded at room
(300 K) and low (77 K) temperatures show similar
spectral profiles. However, the spectra obtained at liquid
nitrogen temperature showed higher resolutions.

The Ay _,; spontaneous emission coefficients for Eu’*-
complexes are calculated by using the Dy — 7F0, 123.4 tran-
sitions from the emission spectra (Fig. 5), using the ’Dy — 'F,;
transition as an internal reference given by eq. 1: [25].

S —
Apy = (SO J>A0—>1 (1)

where Sy_, and S, _, ; correspond to the areas under the
emission bands for the *Dy — "F; and *Dy — 'F; - 2.4 transi-
tions, respectively.

The 2, experimental intensity parameter is very sensitive to
the small angular changes in the local coordination geometry. On
the other hand, the €24 values are sensitive to the bond length and
covalency. Therefore, The 2, and €2, intensity parameters can be
calculated according to the expression (Eq. 2):

31’1C3A0ﬁ)\

0y = 2
! 423X (TF,||UY||* Dy)? @

where x = n(n® +2)%/9 is the Lorentz correction term for the local
fieldand (F\IUMIPD,) 2 is the square of the doubly reduced
matrix element and the 0.0032 and 0.0023 values correspond for
A =2 and 4, respectively. We have used the index of refraction
n=1.5 for the Eu®*-complexes in the solid-state.

The lower values of €2, parameters of the [Eu(baod),(H,0),]
and [Eu(acac),(baod)(H,0),] complexes compared to that of the
[Eu(acac);(H,0O)5] indicated a higher centrosymmetric site char-
acter around the europium ions (Table 1). On the other hand, the
highest valor of the {24 parameter of the [Eu(baod)>(H,O),] sug-
gests that this compound presents the highest polarization char-

acter compared to the other two europium complexes reported in
Table 1.

The intrinsic quantum yield (ngzi ) of [Eu(boad),(H,0),]
and [Eu(boad)(acac),.H,O] complexes depends on the radia-
tive (Ajaq), and non-radiative (A, .q) rates due to multiphonon
deactivation processes of the emitting level are given by ex-
pression (Eq. 3): [25].

Amd
— . ‘fred 3
Bt Arad +Anrad ( )
Where the A .4 rate values are calculated by the sum of the
radiative contributions of the Eu®* transitions (A;es = Y Ao
J

) and the A, values are obtained from the lifetimes (T) of the
D, emitting level by using the ratio A= 1/T=Aaq + Anrad-

The effectiveness of the emission process was also
measured by the luminescence decay curves. The lifetime
values for the Eu3+-comp1ex 1 is 0.213 ms, and for 2 is

Lifetime (ms)
T : 300K

s Eu(baod), (H,0), = 0.213
> Eu(acac),(baod)(H,0) = 0.534 |
s Tb(baod),(H,0), = 0.548

Intensity/ Arb. units

Time / ms

Fig. 6 Luminescence decay curves of the [Eu(baod),(H,0),] (1),
[Eu.baod(acac),.H,0] (2) and [Tb(baod),(H,0),] (3) complexes
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L Emission Spectra -
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Fig. 7 Emission spectra of the ligand and [Tb(L),(H,0),] under
excitation at 303 and 349 nm

Fig. 8 Ground state charge
density of FMOs of ligand
(contour value = 0.035)

HOMO-1
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0.534 ms, respectively. The higher decay lifetime is un-
doubtedly recognized to the further proficient interaction
of the delocalized N and O atoms electronic pairs within
ligand and metal ion. Similarly, lower decay lifetimes are
due to the weaker interaction of ligand atoms and metal
ions. In addition, the lifetime value for the Tb complex 3
is 0.548 ms, showing stronger interaction than europium
complexes, as shown in Fig. 6.

The Qgﬁii values of all hydrated Eu**-complexes are not so
high due to the increase in the non-radiative process rates
(Anra), since the coupling between the emitting Dy level of
the Eu** ion and O-H oscillators of the water molecules is very
strong. Besides, the boad organic ligand in [Eu(baod),(H,0),]
complex also contributes to the non-radiative process, show-
ing the highest of Apq value (4198 s71) [25].

Similarly, the emission spectra of the [Tb(boad),(H,0),]
terbium complex and ligand were recorded at the spectral
range from 400 to 750 nm at 77 K (Fig. 7). These spectra
show the characteristic emission bands assigned to the
D4 — "Fy (J = 6-0) transitions of the Tb>* ions. The highest
emission intensity band from terbium ion is attributed to the
D, — ’Fs transition at around 550 nm, leading to the green
emission color [28]. Moreover, the emission spectrum of
Tb>*-complex under excitation at 303 nm shows no emission

LUMO+1

HOMO
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Table 2 The ground

state HOMO energies Parameters values

(Eromo), LUMO

energies (E; uno0), Enowmo —6.47

energy gaps, EA,IP, 11, 1, Enomo-1 —6.61

X S, wand IP (-Exono) Erumo —021

in eV of ligand.
Ervmo- 1 —0.03
AEqomo -Lumo 6.26
AEroymo-1- Lumo+ 1 6.58
Hardness (1) 3.13
Potential (1) -3.34
Softness (S) 1.03
Electronegativity () 334
Electrophilicity index (w) 1.78
Tonization potential (IP) 6.47
Electron affinity (EA) 0.21

broadband arising from the boad ligand, indicating that the
higher intramolecular energy transfer from the ligand to
Tb>* ion than recorded under excitation at 349 nm. It is note-
worthy that the Tb>* complexes exhibit very high intense
green emission color, suggesting that organic ligands act as
antenna chromophores.

Electronic Properties and Charge Analysis

The frontier molecular orbitals (FMO) i.e., HOMO and
LUMGOs have significant role to establish the charge transport
and optoelectronic characteristics [29]. The spatial distribution
of FMO within compounds plays a key role during effective
charge injection. In the past, outcome of MO energies was
investigated concerning recombination of excitons within
OLED devices. These consequences disclose the fact that ex-
citon recombination extremely sensitive to injection barriers,
energy-level alignment along with charge mobilities. The
LUMO levels have performed more critical role leading re-
combination dynamics compared with HOMO level. They

Fig. 9 NBO localized orbitals left
(93) and right (94)

designed efficient devices with suitable energy-level align-
ments [30]. Another approach to figure out the effect of elec-
tronic and optical characteristic is to examine the highest oc-
cupied molecular orbitals (HOMOs), and lowest unoccupied
molecular orbitals (LUMOs) and energy gaps (E,.p) [31]. The
FMOs, i.e., HOMOs, HOMOs-1, LUMOs, LUMOs+1 of li-
gand at B3LYP/TZ2P level are shown in Fig. 8. The spatial
distribution of HOMO-1 is on (aminoethyl)amino and benzyl
moiety, HOMO at (aminoethyl)amino and oxopyrrolidine,
LUMO at carboxylic group and benzene ring, LUMO+1 at
benzyl group. The intramolecular charge transfer (ICT) can be
found from (aminoethyl)amino (HOMO-1) to benzyl moiety
(LUMO and LUMO+1). The ICT was also detected from
(aminoethyl)amino and oxopyrrolidine of HOMO to the ben-
zyl group of LUMO and LUMO-+1. Finally, the ICT was
noticed from HOMO-1 — LUMO, HOMO-1 — LUMO+1,
HOMO — LUMO, HOMO — LUMO-+1 in the ligand. The
electronic properties, nature of reaction or stability of mole-
cules are interrelated to the spatial distribution of FMOs, es-
pecially HOMO. The charge density of HOMO on the
(aminoethyl)amino moiety reveals the most credible sites in
this ligand that can be definitely bombarded by nucleophiles.

The energies of FMOs, i.e., HOMO-1 (Eyop0.7), HOMO
(Enomo), LUMO (ELuro), LUMO+1 (ELumo + 1), HOMO-
LUMO energy gaps (AEzomo —rumo) and HOMO-1 —
LUMO+1 energy gaps (AEoro-1 — rumo~ 1) are noteworthy
parameters to discover the electronic properties of materials.
The Exoso-1, Eromo. Erumo. Erumo+ 1» AEromo —rumo
and AEyopo-1 - rumo+ 1 of ligand at BSLYP/TZ2P level at
ground state in eV are displayed in Table 2. The work func-
tions (W) of Au and Al are 5.10 and 4.08 eV, respectively
(http://www2.chemistry.msu.edu/faculty/harrison/cem483/
work functions.pdf, in). The hole/ electron injection energies
(HIE/EIE) of ligand to Au and Al electrodes are probed. For
Al, (EIE=—E;yy0 — (W of Al) has been estimated as:
(3.87 eV =—0.21— (—4.08)). In case of Au, (EIE=—E; 0 —
(W of Au) has been estimated as: 4.89 eV =-0.21- (=5.10)).
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Fig. 10 Molecular electrostatic
potential surfaces (top) and
MDC-q charges (right) of ligand

The HIE was observed as 2.39 ¢V =—4.08—(—6.47)) by
considering Al electrode. In the case of Au, HIE was
observed as (1.37 eV=-5.10—(-6.47). One can see
that for better electron/hole injection ability, Al/Au
would be a more suitable electrode.

Global chemical reactivity descriptors (GCRD) are signif-
icant parameters to recognize the structure constancy and their
reactivity. Here, we assessed numerous GCRD parameters
e.g., electronegativity (x), chemical potential (1), chemical
hardness (1), softness (S) and electrophilicity index (w) of
ligand, see Table 1 (computational particulars can be
established in supporting information). The 1 of the com-
pound is interrelated to aromaticity [32]. The p express the
electron’s propensity to discharge within the electronic cloud.
The n also represents the degree of the electronic cloud hin-
drance towards distortion, and w signifies the stabilization
energy of the coordination when electrons from the saturated
peripheral atmosphere. The E,,, and reactivity descriptor pa-
rameters validate that the ligand would hold good reactivity to
make complexes. Moreover, NBO analysis was carried out
and presented in Fig. 9. One can see the NBO localized or-
bitals on N1 and N46 (numbering scheme can be found in
supporting information), which illuminated that these sites
would be favorable in the ligand to be attacked by the Eu
and Tb to form complexes.

The Molecular Electrostatic Potential (MEP) maps are im-
portant to visualize the charged region of the compound. In
Fig. 10, the MEP mapped for ligand has been illustrated in
color visualizations. The red and blue color identifies negative
and positive potential regions which would be promising for
the electrophilic and nucleophilic attack, respectively. The
robust -ive electrostatic potential is assigned within nitrogen
and oxygen atoms, while the positive potential is determined
on hydrogen atoms. The MDC-q charges of the ligand are
illustrated in Fig. 10. The main negative charge can be found
on the N46 (—1.070), N1 (-0.513), O10 (-0.546), O11
(—0.483), 013 (-0.530), O18 (—0.435), 020 (—0.479) atoms.
The MDC-q charges revealed that N46 having maximum neg-
ative charge along with N-1 would be favorable sites for com-
plex formation by Eu and Tb.
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Conclusions

We have synthesized 1-benzyl-2-((2-Aminoethyl) amino)- 5-
oxopyrrolidine-3,4-diyl diacetate, (boad) an oxopyrrolidine
type ligand and designed to inoculate lanthanides [Eu** (1)
and Tb>* (3)] to get luminescent material. The target com-
plexes showed good photoluminescence properties, which in-
dicate that this type of compound can be used as luminescence
sensitizers for the green (Tb**) and red (Eu®*) emission. The
results are evident that sensitizer efficiency can be improved
by adding ligands like acac (2), which has also enhanced the
luminescence quantum yields and lifetimes of Eu®* ions. The
intramolecular charge transfer was found from
(aminoethyl)amino (HOMO-1) to benzyl moiety (LUMO
and LUMO+1). The molecular electrostatic potential, NBO,
MDC-q charges revealed that N46 having maximum negative
charge along with N-1 would be favorable sites for complex
formation by Eu and Tb. The exploration of optical properties
having noteworthy multifunctional characteristics is revealing
that the Tb>*-complex would be proficient competitors for
multifunctional semiconductor device applications, especially
organic light-emitting diodes.
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