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Evaluation of circularly polarized luminescence in
a chiral lanthanide ensemblet

Yoshinori Okayasu® and Junpei Yuasa O*®

This work demonstrates a methodology for the evaluation of circularly polarized luminescence of a chiral
europium(in) (Eu™) complex species in an ensemble system. The chiral Eu'"' complex species consists of
chiral bis(oxazolinyl)pyridine [(R)- or (S)-iPr-Pybox] and B-diketonate ligands with a pendant nitro group
(DK-NO). The pendant NO, group in [iPr-Pyboxl(Eu")(DK-NO,)s (monometallic Eu" species) coordinates
to the Eu'"' center of another Eu" complex, giving rise to the generation of a chiral Eu" ensemble
consisting of mono-, di-, and the other oligomeric Eu" species, {[iPr-Pyboxl(Eu")(DK-NO,)s},. The lumi-
nescence dissymmetry factors (gium) of the chiral Eu" ensemble have been successfully determined by
using a commercially available fluorescence spectrophotometer attached with a rotatable 1/4 filter and a

fixed linearly polarized plate. This study suggests that the chiral Eu™ ensemble in solution displays a large

circularly polarized luminescence (|gum| = 0.19) as compared to that of a reference monometallic

complex [iPr-Pybox](Eu™)(DK-CN)s (|gium| = 0.11-13). The larger gi,m is primarily attributed to the contribu-

tion of the dimetallic Eu™ species exhibiting a high degree of circular polarization in luminescence (g mz =

0.27) in the ensemble. Conversely, a large linearly polarized component was observed in luminescence
If
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from the chiral Eu”™ ensembile in the solid state (KBr pellet).

Design, System, Application

III) piig

This work demonstrated the quantitative evaluation of circularly polarized luminescence in a chiral europium(u) (Eu'") ensemble consisting of several Eu
complex species. Circularly polarized luminescence (CPL) has become one of the hottest research topics in photochemistry due to its intriguing photonic
applications, including circularly polarized electroluminescence (CPEL) for 3D displays, quantum information processing and optical data storage.
Typically, chiral lanthanide complexes are promising circularly polarized luminescence materials in view of obtaining a high degree of circular polarization
in luminescence because of their remarkable emission features of magnetically-allowed intraconfigurational f-f transitions. In this context, the recent rapid
development of supramolecular lanthanide chemistry has provided us new opportunities for the evaluation of circularly polarized luminescence in an en-

semble consisting of several chiral lanthanide complex species, where each complex exhibits different chiroptical properties. This work describes how to

evaluate the luminescence dissymmetry factor of the chiral Eu™"
tems with intriguing chiroptical properties.

Introduction

Circularly polarized luminescence (CPL) has become one of
the hottest research topics in photochemistry. The main rea-
son may be due to its intriguing photonic applications, in-
cluding circularly polarized electroluminescence (CPEL) for
3D displays, quantum information processing and optical
data storage.'” Typically, chiral lanthanide complexes are
promising circularly polarized luminescence materials in view
of obtaining a high degree of circular polarization in lumines-
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ensemble. The present work would expand the scope of the design of molecules and sys-

cence because of their remarkable emission features of
magnetically-allowed intraconfigurational f-f transitions.* ™"
The magnetic dipole transition satisfies the magnetic-dipole
selection rule, AJ = 0, + 1 (except 0 — 0), thus often exhibiting
extremely large circular polarization in luminescence.'”"* In
this context, the recent rapid development of supramolecular
lanthanide chemistry'*™® has provided us new opportunities
for the evaluation of circularly polarized luminescence in an
ensemble consisting of several chiral lanthanide complex spe-
cies, where each complex exhibits different chiroptical proper-
ties (e.g., luminescence dissymmetry factor). Thus, a simple
evaluation methodology for circularly polarized luminescence
of a chiral lanthanide ensemble would expand the scope of
supramolecular chiral lanthanide systems.

In the present work, we demonstrate the evaluation of cir-
cularly polarized luminescence in a chiral europium(i) (Eu™)

This journal is © The Royal Society of Chemistry 2018
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ensemble consisting of several Eu™ complex species (Fig. 1)."°
The chiral Eu™ complex species consists of chiral
bis(oxazolinyl) pyridine [(R)- or (S)-iPr-Pybox]| and fB-diketonate
ligands acting as antennas for generating Eu™" luminescence.
The B-diketonate ligand (DK-NO,) contains a pendant nitro
group which serves as a second coordination site for the Eu™
center.”® The chiral Eu™ complex ([(R)}- or (S)iPr-
Pybox](Eu™)(DK-NO,);) was employed as a simple cross-linked
complex to afford the chiral lanthanide ensemble systems. The
monometallic Eu™ species spontaneously self-associates in so-
lution conditions, giving rise to the generation of a chiral Eu"™
ensemble consisting of mono-, di-, and the other oligomeric
Eu' species, {[(R)- or (S)-iPr-Pybox](Eu™)(DK-NO,);},,. We have
chosen the ligand pair (iPr-Pybox and DK-NO,) based on our
previous  work, where tris[B-diketonate  (1,1,1,5,5,5-
hexafluoropentane-2,4-dione)] Eu™ complexes containing the
chiral iPr-Pybox ligand exhibited strong circularly polarized lu-
minescence with good emission efficiency.*" The present work
revealed that the chiral Eu™ ensemble displays a strong circu-
larly polarized luminescence (|gjum| = 0.19) mainly due to the
contribution of the dimetallic chiral Eu™ species with a large
luminescence dissymmetry factor (|gjumz| = 0.27) in the chiral
ensemble.

Experimental
General

Chemicals were purchased from Wako Pure Chemical Indus-
tries Ltd. and used as received without further purification.
(R,R)- and (S,S)-2,6-bis(4-isopropyl-2-oxazolin-2-yl)pyridine were
obtained from Tokyo Chemical Industry Co., Ltd. (TCI). 4,4,4-
Trifluoro-1-(4-nitrophenyl)butane-1,3-dione and 4,4,4-trifluoro-
1-(4-cyanophenyl)butane-1,3-dione (DK-NO, and DK-CN, re-
spectively) were prepared according to the procedure de-
scribed previously.> The emission lifetimes were recorded
using a FluoroCube (HORIBA, 3000 U-YSP). The positive ESI
mass spectra of the chiral Eu™ complexes were measured
with mass spectrometers (JEOL AccuTOF CS JMS-T100CS for
ESI). The emission and UV-vis absorption spectra were mea-
sured at room temperature using JASCO FP-6500 and V-660,
respectively.

[(R)-iPr-Pybox](Eu")(DK-NO,),

Fig. 1 Chemical structures of [(R)-iPr-Pybox](Eu")(DK-NO,)s and [(R)-
iPr-Pybox](Eu")(DK-CN)s.

[(R)-iPr-Pybox](Eu")(DK-CN),
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Synthesis of [iPr-Pybox](Eu™)(DK-NO,); and [iPr-
Pybox](Eu™)(DK-CN);

Precursor complexes, [(Eu'™)(DK-NO,);(H,0),] and [(Eu™)(DK-
CN);(H,0),], were prepared as described in the literature.>
Typically, [(R)-iPr-Pybox](Eu"™)(DK-NO,); was synthesized as
follows. (R,R)-2,6-bis(4-isopropyl-2-oxazolin-2-yl)pyridine (0.17
mmol) and [(Eu"™)(DK-NO,);(H,0),] (0.17 mmol) were
dissolved in methanol (30 mL) in a reaction flask. The reac-
tion mixture was stirred overnight at room temperature. After
removing the solvent by evaporation, the obtained white pow-
der was washed with distilled water and dried under vacuum
(vield: 73%). HRMS [ESI-MS (positive)]: the monometallic
complex, m/z caled. for C4;H3EuFgNgO ,Na" [[iPr-
Pybox](Eu"™)(DK-NO,); + NaJ*, 1257.14122; found 1257.14024,
the dimetallic complex: m/z caled. for CoyH,6Eu,F;gN;,0,5Na*
[{[iPr-Pybox](Eu™)(DK-NO,);}, + Na]" 2491.30147, found
2491.29268. [(S)-iPr-Pybox](Eu™)(DK-NO,); and reference chi-
ral Eu™ complexes, [(R)- or (S)-iPr-Pybox](Eu™)(DK-CN); were
prepared using the same procedures as those for [(R)-iPr-
Pybox](Eu™)(DK-NO,);. HRMS [ESI-MS (positive)]: m/z caled.
for CsoH3sEuFgNqOgNa" [[iPr-Pybox](Eu™)(DK-CN), + Na]*
1197.17174, found 1197.16884.

Determination of the luminescence dissymmetry factor

The luminescence dissymmetry factor (gjum) of the chiral Eu™"

complexes was determined using the experimental setup
designed based on a fluorescence spectrofluorometer (JASCO
FP-6500) with a rotatable /4 filter and a fixed linearly polar-
ized plate (Fig. 5)."*” The emission was corrected after pass-
ing through the rotatable //4 filter and the fixed linearly po-
larized plate every two degrees of the angle (6) between the
rotatable /4 filter and the fixed linearly polarized plate. The
observed emission intensity (I,ps) periodically decreases and
increases in response to the angle (6) [Fig. 6a and b], wherein
the intensity at the angle 6 = 45, 225 and that at 135, 315 de-
grees correspond to the right- and left-CPL intensity, respec-
tively (Ix and I;, respectively) from the sample. The gjm
values were calculated by using the equation, gjum = 2(I, — Ir)/
(I, + I). The system precision is checked by using a standard
material, a cesium tetrakis(3-heptafluoro-butylryl-
(+)-camphorato) Eu™ complex, Cs'[Eu((+)-hfbc),]". The deter-
mined gj,m, value (1.41) is close to the literature value (gjym =
1.38)." These details are further outlined in the text (vide

infra).

Results and discussion
Chiral Eu™ ensemble

Chiral Eu™ complexes with the general formula [(R)- or (S)-
iPr-Pybox|(Eu™)(DK-NO,); were synthesized by reacting the
tris(DK-NO,) Eu™ complex [(Eu™)(DK-NO,);(H,0),] with (R)-
or (S)-iPr-Pybox in a 1:1 stoichiometry in methanol. Interest-
ingly, the resulting chiral Eu™ complex displays a non-single-
exponential emission decay in acetonitrile solution (Fig. 2a,
Jem = 618 nm due to the D, — ’F, transition of Eu™)."* The

Mol Syst. Des. Eng., 2018, 3, 66-72 | 67
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Fig. 2 Emission decay curves at 618 nm of (a) [(R)-iPr-
Pyboxl(Eu™)(DK-NO,); and (b) [(R)-iPr-Pybox](Eu")(DK-CN)s in
acetonitrile at 298 K (concentration: 1.0 x 10> M), and (c) that of [(R)-
iPr-Pyboxl(Eu")(DK-NO,)s in the solid state (KBr pellet). Excitation-
wavelength: Jex = 347 nm. The solid lines show (a) and (c) multi-
exponential curve fitting [/(t) = A;exp(-t/71) + Asexp(-t/zo) + Asexp(-t/
73)] and (b) single-exponential curve fitting [/(t) = Aexp(-t/7)].

decay curve can be fitted as a sum of three exponential decay
components [I(f) = A; exp(-t/ty) + Ay exp(-t/y) + Azexp(-t/z)]
with 7; = 0.26 ms (11.2%), 7, = 0.074 ms (51.8%), and 7; =
0.015 ms (37.0%) [Fig. 2a, red solid line], suggesting that
three emitting species are present in the solution of [iPr-
Pybox](Eu™)(DK-NO,);. As a negative control experiment, [iPr-
Pybox](Eu™)(DK-CN); (reference complex) was synthesized to
identify the three emitting species, where the nitro group of
the B-diketone was replaced by a cyano group with a lower af-
finity for Eu™, but with a similar electron withdrawing capac-
ity to the nitro group (Fig. 1). In contrast to the emission de-
cay of [iPr-Pybox](Eu™)(DK-NO,); (Fig. 2a), the emission of
[iPr-Pybox](Eu™)(DK-CN); obeys a single-exponential decay

68 | Mol Syst Des. Eng., 2018, 3, 66-72
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Fig. 3 Top: CD spectra of (a) [(R)-iPr-Pybox](Eu")(DK-NO,)s (red) and
[(S)-iPr-Pybox](Eu")(DK-NO,)s (blue), and (b) [(R)-iPr-Pybox](Eu")(DK-
CN)s (red) and [(S)-iPr-Pybox](Eu'”)(DK-CN)3 (blue) in acetonitrile at
298 K (concentration: 1.0 x 107> M). Bottom: Absorption spectrum of
(a) [(S)-iPr-Pybox](Eu")(DK-NO,)s and (b) [(S)-iPr-Pybox](Eu"")(DK-CN)z
(concentration: 1.0 x 10™> M) in acetonitrile at 298 K.

with a lifetime 7 = 0.31 ms (Fig. 2b). The negative results
obtained with the reference complex [iPr-Pybox](Eu™)(DK-
CN); suggest that the three emitting species found for [iPr-
Pybox](Eu"™)(DK-NO,); are attributed to the chiral Eu™ en-
semble consisting of several Eu™ species, where the pendant
nitro group in [iPr-Pybox](Eu'")(DK-NO,); (monometallic Eu™
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Fig. 4 Emission spectra of [(S)-iPr-Pybox](Eu")(DK-NO,)s (red solid
line) and [(S)-iPr-Pybox](Eu")(DK-CN); (blue solid line) in acetonitrile at
298 K (concentration: 1.0 x 10 M), and that of [(S)-iPr-
Pybox](Eu")(DK-NO,)s in KBr pellet (yellow dashed line), where the
emission intensity is normalized at the 5D0 — 7F1 transition band.
Excitation-wavelength: Jox = 347 nm.

This journal is © The Royal Society of Chemistry 2018
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Fig. 5 Schematic illustration of the experimental setup for the
determination of gm values, where “0” denotes the angle between
the rotatable 1/4 filter and the fixed linearly polarized plate.
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Fig. 6 Plots of emission intensity (/ops) at 1 = 594 nm vs. the angle (0)
between the rotatable 1/4 filter and the fixed linearly polarized plate
for (a) [(R)—iPr—Pybox](Eu"')(DK—N02)3 (red circles) and [(S)-iPr-
Pybox](Eu")(DK-NO,)5 (blue circles), and (b) [(R)-iPr-Pybox](Eu")(DK-
CN)s (red circles) and [(S)-iPr-Pybox](Eu")(DK-CN)s (blue circles) in
acetonitrile at 298 K (concentration: 1.0 x 10> M), where the intensity
was normalized by the minimum value at § = 45 degrees for the (S)-
isomers and 135 degrees for the (R)-isomers. (c) Those of [(R)-iPr-
Pyboxl(Eu")(DK-NO,)s (red circles) and [(S)-iPr-Pybox](Eu")(DK-NO,)s
(blue circles) in the solid state (KBr pellet). Excitation-wavelength: ey =
347 nm.

species) coordinates to the Eu™ center of another complex

(Fig. 1). The lifetime of the longer lifetime component (z; =
0.26 ms (11.2%)) resembles that of the reference monometal-

This journal is © The Royal Society of Chemistry 2018
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lic complex [iPr-Pybox](Eu™)(DK-CN); (z = 0.31 ms), and hence
the longer lifetime component (r; = 0.26 ms) should corre-
spond to the monometallic complex species in the ensemble.
Conversely, the shorter lifetime components (7, = 0.074 ms
(51.8%) and 73 = 0.015 ms (37.0%)) correspond to self-
associated complexes (oligomeric Eu"" species). The weak co-
ordination between the Eu™ ion and the nitro group of DK-
NO, should enhance the non-radiative processes, causing an
increase in non-radiative decay rate constants for the self-
associated complexes.** Then, the Eu™ ensemble was investi-
gated by ESI mass spectrometry, where we found mass sig-
nals due to the monometallic and dimetallic Eu™ species in
the ESI mass of [iPr-Pybox](Eu"")(DK-NO,); in acetonitrile so-
lution, HRMS [ESI-MS (positive)]: m/z caled. for
C47H35EUFgNgO,Na*  [iPr-Pybox|(Eu™)(DK-NO,); + Na),
1257.14122; found 1257.14024; m/z caled. for Co,H ¢EU,F;g-
N3,0,5Na” [{[iPr-Pybox](Eu™™)(DK-NO,);}, + Na]' 2491.30147,
found 2491.29268. In addition to these signals, there are sev-
eral weak mass signals assignable to Eu™ complexes
containing three Eu™ ions, e.g., ESI-MS (positive): m/z calcd.
for  CoyHgzEUsFuN11054"  [[iPr-Pybox](Eu™);(DK-NO,)s]",
2840.08; found 2840.02. In accordance with these results, we
tentatively assigned 7, = 0.074 ms to the dimetallic Eu™
species ({[iPr-Pybox](Eu"™)(DK-NO,);},) and z; = 0.015 ms to
the other oligomeric Eu"" species (e.g., trimetallic species).
We performed emission lifetime measurement at a higher
concentration (1.0 x 10™* M) of [(R)-iPr-Pybox](Eu™)(DK-NO,);
to address this assignment (Fig. S1, ESIT), where the popula-
tion of the shorter lifetime component (z3) due to the oligo-
meric species increases (from 37.0% to 54.5%) with a con-
comitant decrease of that of the longer lifetime component
due to the monomer species (from 11.2% to 6.0%). This re-
sult is consistent with the above assignment. On the other
hand, a solid state sample (KBr pellet) of [iPr-
Pybox](Eu™)(DK-NO,); exhibits an emission decay consisting
of three exponential components, 7; = 0.33 ms (33.4%), 7=
0.18 ms (32.1%), and 73 = 0.055 ms (34.5%) [Fig. 2c],
suggesting that [iPr-Pybox](Eu™)(DK-NO,); also exists in the
ensemble in the solid state.

Chiroptical properties of the chiral
Eu"' ensemble

With these results in hand, we investigated the chiroptical
properties of the chiral Eu™ ensemble (vide infra). Fig. 3a
shows the circular dichroism (CD) spectra of [(R)- and (S)-iPr-
Pybox](Eu™)(DK-NO,); in acetonitrile (red and blue lines, re-
spectively), where almost complete mirror-image CD signals
are obtained with their enantiomer pairs. The chiral Eu™ en-
semble shows exciton-coupled biphasic (splitting) CD signals
at the n-n* transition band (first absorption band) of the
B-diketonate moieties (centered at 1 = 355 nm),>* which is
due to the induced chiral arrangement of the DK-NO, ligands
around the Eu"™ center by intra-complex chiral interaction
with iPr-Pybox.>" Similar CD patterns to [(R)- and (S)-iPr-
Pybox](Eu™)(DK-NO,); are observed for the reference complex

Mol. Syst. Des. Eng., 2018, 3, 66-72 | 69
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[(R)- and (S)-iPr-Pybox](Eu™)(DK-CN); (Fig. 3b). The CD spec-
trum of the chiral Eu™ ensemble (Fig. 3a) is the superposi-
tion of the three chiral Eu™ complexes (mono-, di-, and the
other oligomeric Eu™ complexes). Thus, the similar CD pat-
terns between [iPr-Pybox](Eu"™)(DK-NO,); and [iPr-Pybox]-
(Eu™)(DK-CN); (Fig. 3a and b) indicate that the additional co-
ordination of the -NO, group to the Eu" center has no
significant effect on the exciton-coupling of the DK-NO, li-
gands around the Eu™ center (intra complex ligand-ligand
interactions).

On the other hand, [iPr-Pybox](Eu™)(DK-NO,); displays
sharp emission bands due to the f-f transitions of Eu™ (°D,
— ’F,, n = 1-4) in acetonitrile, where each line splits into sev-
eral lines due to the Stark effect (Fig. 4, red solid line).>® The
spectral shape is different from that of the reference complex
[iPr-Pybox](Eu"")(DK-CN); (Fig. 4, blue solid line) in terms of
the Stark splitting pattern of each transition band (except for
Dy — ’F,). Since the emission spectrum of [iPr-
Pybox](Eu™)(DK-NO,); is the superposition of the three emit-
ting species (mono-, di-, and the other oligomeric Eu™ com-
plexes), the observed spectral difference indicates a different
crystal field environment for the Eu"" between the monome-
tallic and the oligomeric Eu™ complexes. Conversely, the
Stark splitting pattern of [iPr-Pybox](Eu™)(DK-NO,); in the
solid state (Fig. 4, yellow dashed line) roughly agrees with
that of the solution sample. This is consistent with the emis-
sion lifetime results for [iPr-Pybox](Eu™)(DK-NO,).

Then, we determined the dissymmetry factors (gj,m) of
the chiral Eu™ ensemble at the °D, — ’F; (magnetic di-
pole) transition band by using the experimental setup for
the determination of the gjum values.** Since the magnetic
dipole transition satisfies the magnetic-dipole selection
rule, A = 0, + 1 (except 0 — 0), the magnetic dipole transi-
tion band often gives particularly large circular polariza-
tion."” Fig. 5 shows the schematic illustration of the experi-
mental setup used in this study. In this experimental
setup, a circularly polarized component (left- and right-CPL)
from the sample emission converts to a linearly polarized
component after passing through a rotatable /4 filter,
which was detected by a photomultiplier tube after passing
through a fixed linearly polarized plate (Fig. 5). Thus, the
observed emission intensity (I,,s) oscillates every 180 de-
grees of the angle (6) between the rotatable 1/4 filter and
the fixed linearly polarized plate. The minimal or maximal
values appear at ¢ = 45, 135, 225, and 315 degrees, wherein
the values at 6 = 45, 225 and 135, 315 degrees correspond
to the right- and left-CPL intensity, respectively (Ix and I,
respectively). With the use of these values, the gy, values
were calculated by using the equation, gjum = 2(I - Ig)/(IL +
Iz). As a standard material for the system precision check,
we have chosen the cesium tetrakis(3-heptafluoro-butylryl-
(+)-camphorato) Eu™ complex, Cs'[Eu((+)-hfbc),]". So far,
Cs'[Eu((+)-hfbc),]” shows the highest dissymmetry factor of
1.38 at the °D, — 'F, transition band. This system success-
fully reproduced the literature value of gium = 1.38 (Zjum =
1.41 as determined in this study)."*'**
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Fig. 6a and b show the measurement data of [(R)- and (S)-
iPr-Pybox](Eu"")(DK-NO,); and [(R)- and (S)-iPr-Pybox](Eu™)-
(DK-CN); at the °D, — ’F; transition (A = 594 nm) in acetoni-
trile solution, respectively. Almost complete mirror-image oscilla-
tion patterns are obtained with their enantiomer pairs
(Fig. 6a and b, red: (R)-isomers; blue: (S)-isomers). The oscilla-
tion patterns (every 180 degrees) are well reproduced by the sim-
ulation curves provided by eqn (1) [# in radians] with I; /I = 0.82
for [(R)-iPr-Pybox](Eu"™)(DK-NO,); (Fig. 6a, red line), I /I = 1.21
for [(S)-iPr-Pybox](Eu™)(DK-NO,); (Fig. 6a, blue line), I /I = 0.90
for [(R)-iPr-Pybox](Eu"")(DK-CN); (Fig. 6b, red line), and I /I =
1.13 for [(S)-iPr-Pybox](Eu™)(DK-CN), (Fig. 6b, blue line). The
obtained chiroptical parameters are summarized in Table 1, in
which the chiral Eu™ ensemble of [iPr-Pybox](Eu™")(DK-NO,);
exhibits a higher dissymmetry factor (|gjum| = 0.19) than that of
the monometallic complex of [iPr-Pybox](Eu™)(DK-CN); (|gium|
= 0.11-0.13). The monometallic complex (n = 1) in the chiral Eu™
ensemble {[(R)- or (S)-iPr-Pybox](Eu™)(DK-NO,);},, should pos-
sess a similar luminescence dissymmetry factor (gj,m1) to that of
the reference monometallic complex [iPr-Pybox](Eu'")(DK-CN);,
therefore the large difference in the luminescence dissymmetry
factor is primarily due to the contribution of the higher degree
of circular polarization in luminescence of the dimetallic and
the other oligomeric Eu™ species (Ziumz and giums, respectively).
In such a case, the observed (overall) luminescence dissymmetry
factor (Zoveran) can be expressed using eqn (2), where @y, de-
notes the total emission quantum yield of the chiral Eu™ ensem-
ble (Pem1 + Pemz + Pems): Pem1y, Pema, and Pepyz represent the
emission quantum yields of the mono-, di-, and the other oligo-
meric Eu™ species, respectively. The Pem1/Protal;, Pema/ Protaly
and Pep3/Pioral terms can be calculated using eqn (3)(5) with
the emission lifetime parameters (4;-; and 7,_3). The @Pepq-s/
Dora1 Values were determined to be Depy1/Piotar = 0.39, Dempn/
Diotal = 0.53, and Pe,3/Pioral = 0.077. Then, the overall lumines-
cence dissymmetry factor (goveran) can be expressed using eqn
(6), where ®ep3/Piorar could be negligible compared to @Pepyi/
Dioral ANA Do/ Dioral Mostly due to the low emission efficiency
(13 < 14, 7). Consequently, |giumz| = 0.27 would be derived when
assuming that the monometallic complex in the chiral Eu™ en-
semble has the same luminescence dissymmetry factor (gjum1) as
that of the reference monometallic complex (gjum = 0.13). The
larger luminescence dissymmetry factor (|giumz| = 0.27) of the
dimetallic Eu™ complex may be due to the additional coordina-
tion of the -NO, group to the Eu™ center, causing a higher de-
gree of dissymmetry in the coordination geometry (crystal
field).”!

Table 1 Chiroptical parameters (I /lr and gym) of [(R)- and (S)-iPr-
PyboxI(Eu")(DK-NO,)s and [(R)- and (S)-iPr-Pyboxl(Eu")(DK-CN)s in ace-
tonitrile at the >Dy — ’F; transition

I, L/ 1, R g lum
[(R)-iPr-Pybox](Eu™)(DK-NO,); 0.82 -0.19
o el o0 o
3 . .
[(S)-iPr-Pybox](Eu™)(DK-CN), 1.13 0.13

This journal is © The Royal Society of Chemistry 2018


https://doi.org/10.1039/c7me00082k

Published on 03 Oktoba 2017. Downloaded by Fail Open on 23/07/2025 10:35:27.

Molecular Systems Design & Engineering
Iyps = I, cos”(0 + 1/4) + I sin®(0 + 1/4) (1)

goverall = (glum1¢eml + glum2®em2 + glum3¢em3)/¢total (2)

Dem1/Protar = (A171)/(A171 + Arty + Asts) ®3)
Dema!/ Protar = (A202)/(A171 + Ayt + Asts) (4)
DPems! Protal = (A373)/(A171 + AgTp + A3Ts) (5)
Zoverall = 0.3981um1 * 0.53g1umz2 + 0.077g1um3 (6)

Fig. 6¢ shows the measurement data of [(R)- and (S)-iPr-
Pybox](Eu"™)(DK-NO,); in the solid state (KBr pellet) at the
Dy — F, transition (A = 594 nm). The I, value oscillates ev-
ery 90 degrees of the angle (#) between the rotatable /4 filter
and the fixed linearly polarized plate (minimal values at 0,
90, 180, 270, and 360 degrees; maximum values at 45, 135,
225, and 315), where no mirror-image oscillation patterns
can be obtained with their enantiomer pairs [Fig. 6c, red: (R)-
isomer; blue: (S)-isomer]. This shows a sharp contrast to the
solution samples (Fig. 6a and b). The oscillation at every 90
degrees corresponds to the linearly polarized component
from the sample emission, suggesting that the luminescence
from [iPr-Pybox](Eu'")(DK-NO,); in the solid state (KBr pellet)
contains a large linearly polarized component. The accurate
dissymmetry factor could not be obtained from these mea-
surement data due to the large contribution of the linearly
polarized component. Conversely, there is no appreciable lin-
early polarized component in the solution samples, where
the observed emission intensity (I,ps) oscillates every 180 de-
grees (Fig. 6a and b). The presented measuring system is typi-
cally suitable for accurate determination of the luminescence
dissymmetry factor of lanthanide complexes in solutions.>®

Conclusions

In conclusion, we have demonstrated how to evaluate the lu-
minescence dissymmetry factor in an ensemble consisting of
several Eu"" complex species exhibiting different chiroptical
properties. The chiral Eu™ complex [(R)- or (S)-iPr-
Pybox](Eu")(DK-NO,); spontaneously forms the oligomeric
Eu™ species, {[iPr-Pybox](Eu"™)(DK-NO,);},, in acetonitrile,
where the pendant nitro group in [iPr-Pybox](Eu™)(DK-NO,);
(monometallic Eu™ species) coordinates to the Eu™ center of
another complex. Consequently, [iPr-Pybox](Eu™)(DK-NO,);
exists in an ensemble consisting of three chiral Eu™ complex
species. Among them, the dimetallic chiral Eu"™ complex
shows a larger dissymmetry factor (|gijumz| = 0.27) than that
of the monometallic Eu"™" complex, resulting in an increase
of the overall luminescence dissymmetry factor of the chiral
Eu™ ensemble (|gjum| = 0.19). The demonstrated methodol-
ogy for the evaluation of circularly polarized luminescence of
the chiral Eu™ ensemble will open up new opportunities for
developing supramolecular chiral lanthanide systems.

This journal is © The Royal Society of Chemistry 2018
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