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Abstract: The combination of physical properties sensitive to
molecular chirality in a single system allows the observation of
fascinating phenomena such as magneto-chiral cichroism (MChD)
and circularly polarized luminescence (CPL) having potential
applications for optical data readout and display technology.
Homochiral monodimensional coordination polymers of Yb" were
designed from a 2,15-bis-ethynyl-hexahelicenic scaffold decorated
with two terminal 4-pyridyl units. Thanks to the coordination of the
chiral organic chromophore to Yb(hfac); units (hfac’ = 1,1,1,5,5,5-
hexafluoroacetylaconate), efficient NIR-CPL activity is observed.
Moreover, the specific crystal field around the Yb" induces a strong
magnetic anisotropy which leads to a slow magnetic relaxation (SMM)
and a remarkable room temperature MChD. The MChD-structural
correlation is supported by computational investigations.

Introduction

The coordination chemistry toolbox consisting of combining
sophisticated chiral n-conjugated ligands with lanthanide ions
constitutes a very fruitful strategy for generating chiral monomeric
and polymeric systems. In such systems, a precise chiral topology
and multifunctionality can be designed and achieved from the
synergy of the chiral ligand properties and the specific optical and
magnetic features of the lanthanide ion.®! Furthermore, this
strategy unravels fascinating cross effects originating from the
combination of chirality with optical, conducting or magnetic
properties, such as ferroelectricity, chiral single-molecular magnet
(SMM)  behavior,” magneto-chiral dichroism (MChD),5®l
magnetoelectric effects, X-ray natural circular dichroism
(XNCD), circularly polarized luminescence (CPL),*Y chirality-

induced spin selectivity,!? nonlinear optical activity,*3! chiral
sensing**1% or asymmetric catalysis.!*62° There is thus a strong
interest in combining the inherent characteristics of lanthanides,
especially strong magnetic anisotropy and finely structured
emission, with chiral features within the same architecture. In this
context, chiral Ln(lll)-based complexes have been used as highly
efficient CPL emitters for applications in biological sensing, anti-
counterfeiting devices, organic light-emitting diodes.[*1212% |n
addition, a 1D organization can have a great influence on the
magnetic anisotropy of the system and thus on the resulting
macroscopic magnetic properties.2.27]

Among chiral molecular building blocks, helicenes have
recently raised great attention. They are inherently chiral
molecular  architectures  generated  from ortho-fused
(hetero)aromatic rings with extended n-conjugation, displaying,
very strong chiroptical activity.?832 When decorated with
coordinating units, they can react with a variety of metal ions and
give access to a very rich diversity of coordination-driven chiral
architectures (chiral complexes with controlled topology and
enhanced chiroptics, helicates, coordination polymers,
supramolecular cages, etc).®3%  Through this strategy,
fascinating chirality-related properties can be obtained, such as
redox-triggered chiroptical switching, chiral sensing, or CP
emission. However, generating helicene-based metal-organic 1D
polymeric architectures remains challenging and very few
examples are described in the literature.*® Recently, we have
shown that 3-(2-pyridyl)-4-aza[6]-helicene (H6bpy) bearing a 2,2’-
bipyridine coordinating unit can accommodate a lanthanide ion
and combine the inherent properties of the helicenic ligand with
those of the lanthanide to create unprecedented chiral SMMs (1)
(Figure 1a),%% efficient singlet oxygen sensitizers,*% and strong
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MChD response in the NIR range of the electromagnetic
spectrum.“+-43 Despite their pertinent chiroptical properties, chiral
emissive Yb" complexes are still scarce.*819444% Herein, we
describe the synthesis of the first homochiral monodimensional
coordination polymer (1D-CP), namely M- and P-
[H6(py)2Yb(hfac)s]n 2 (hfac = 1,1,1,5,5,5-
hexafluoroacetylaconate) and its structural features. Lanthanide
emission of such enantiopure polymeric complexes can be
sensitized via triplet-Ln energy transfer, as the helicene triplet
level lies at low energy and can therefore transfer energy to the
Yb" center. Transitions between the ground 2F7, and the excited
°Fs, spectroscopic terms are notably magnetic dipole allowed
enabling strong chiroptical properties.51 In addition, the
photophysical performances turn out to be highly sensitive to the
ytterbium environment. The combination of its chiral SMM
behavior, its strong MChD response up to room temperature and
its near-infrared (NIR) CPL activity in solid state is thoroughly
detailed and further interpreted using ab initio calculations. The
emissive properties (luminescence and CPL) of the previously
published mononuclear compound [H6bpy-Yb(hfac)s]*! were
also investigated for comparison with those of 2.

Results and Discussion
Among the lanthanide ions, Yb" was chosen because it gives

access either to discrete or polymeric chiral complexes with high
magnetic anisotropy, SMM behavior, MChD, or CPL

This work
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activity,[18:19.27464752:631 hyt also to bioimaging and biosensing
materials thanks to remarkably reduced tissue absorption and
limited scattering in the NIR spectral range.5*%¢ Enantiopure M-
and P-carbo[6]helicene decorated in positions 2,15 with 4-pyridyl-
ethynyl units appeared suitable for preparing coordination
polymers 67881 |ndeed, refluxing M- and P-H6(Py), with 1
equivalent  of  ytterbium(lll)-tris-hexafluoro-acetylacetonate
precursor for 2 hours in toluene gave the 2,15-bis-(4-pyridyl)-
ethynyl-carbo[6]helicene-ytterbium-tris-hexafluoro-
acetylacetonate polymer, M- and P-2 (Figure 1b). Layering n-
hexane into the mother solution gave single crystals with good
yields (68 % and 72%, respectively), suitable for X-ray diffraction
investigation.

Enantiopure compounds P- and M-2 crystallize in the non-
centrosymmetric orthorhombic P2:2:2: space group (Table
S1),59 with the asymmetric unit being constructed from one (M or
P)-H6(Py), moiety along with one Yb(hfac)s unit plus two toluene
interstitial solvent molecules for P-2. ORTEP views of the
asymmetric units for both enantiomers are depicted in Figures S1
and S2. They display a chiral coordination polymer in which the
Yb'" ion is surrounded by eight coordinating atoms, six oxygen
from three hfac™ anions and two nitrogens from the pyridine
moieties. The chiral helicene ligands combined with the Yb(hfac)s
inorganic units through the pyridine groups thus form a robust
two-sided chelated polymeric structure (Figure 1c). As
determined by the SHAPE program, in both M and P enantiomers
the coordination sphere of the Yb'"' possesses a slightly distorted
D.q symmetry (Tables S2 and S3), the distortion being weakened
compared to the one observed in 1.
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M or P-H6(py),

[HBbpy-Yb(hfac),]
M or P-1

+ Yb(hfac);

Toluene
reflux, 2h N* )n
crystallization
[H8(py),-Yb(hfac)],
M or P-2

Figure 1. a) Molecular structure of [H6bpy-Yb(hfac)s] (1), b) chemical reaction for the formation of [H6(Py)2Yb(hfac)s]s (2), c) X-ray structure of M-2 along the ¢ axis
with H6(Py)2 ligand and Yb(hfac)s moieties respectively drawn in capped sticks and spacefill representations, and d) supramolecular arrangement of the two

enantiomers along the a axis.



The Yb-Ontac and Yb-N distances were found to be in the 2.249(6)-
2.348(7) A and 2.513(7)-2.473(7) A ranges, respectively. The
helicity (dihedral angle between the two terminal rings) of the
H6(Py). units was found to be 49.61°, which is very similar to a
recently reported helicenic structure displaying ethynyl moieties
and slightly different from the pure carbo[6]helicene molecule.
The shortest intra-chain Yb-Yb distance is 20.089 A while the
shortest inter-chain Yb-Yb distance is 9.323 A. In addition, the
crystal packing reveals n-n* stacking between helicene moieties
(Figure S3), as well as homochiral columns formed by the
enantiopure H6(Py). ligands (Figure 1d). Overall, this system
constitutes the first example of helicene-based lanthanide 1D-
polymeric complex.

The magnetic properties were investigated by SQUID
measurements performed on 2 using immobilized crunched
single crystals in a Teflon pellet and following the temperature
dependence of the molar magnetic susceptibility times the
temperature (ymT, see Figure S11). At room temperature, the
experimental value (2.24cm?® K mol) is very close to the expected
one for isolated Yb®* ions (2.57 cm® K mol? for ground state
multiplet 2F7, with g; = 8/7).'% yuT decreases monotonically as
the temperature decreases down to 1.37 cm® K mol™ at 2 K,
following the depopulation of crystal field sublevels. The field
dependence of the magnetization measured at 2 K reaches the
value of 1.73 NB under a magnetic field of 50 kOe, which is far
from the expected saturated values of 4.0 N for isolated Yb"' ions
in the absence of magnetic anisotropy (Inset of Figure S11). The
calculated wavefunction energies and g tensors for the ground
term 2F;, are reported in Tables S7 and S9, with a ground state
dominated by the |tm;> = |£7/2> Kramers doublet (KD). The
temperature dependence of the magnetic susceptibility and the
magnetic field dependence of the magnetization obtained from
the ab initio calculated energy levels are in fair agreement with
the experimental ones (Figure S11).

Measurements of the magnetic susceptibility in alternating
fields were also performed to probe the single molecule magnetic
(SMM) behaviour of complex 2. In the investigated frequency
range (60-10000 Hz), there is a clear signature of a slowing down
of the magnetic moment in zero field (ym" # 0). A complete
blocking of the magnetization at low temperature is most probably
hampered by fast relaxation due to Quantum Tunnelling of
Magnetization (QTM, Figure 2a).'72 The maximum of the xv"
curves shifts to lower frequency under an external DC field (Figure
2a), thus confirming the presence of slow magnetic relaxation and
field-induced SMM behaviour. The optimum field for which the
relaxation is the slowest with the maximum amplitude of the out-
of-phase component is 1600 Oe. The AC data at 2K (Figure S12)
have been analysed in the frame of the Debye model (see SI,
Table S4). The best fit of the field dependence of the relaxation
time at 2 K (Figures 2b) was obtained using Eq. S1 described in
S| (best-fit parameters: B; = 9.6(8) x 10° s, B, = 1.2(1) x 102 Oe”
2,A=1.3(1) x 10 1K1 Oe™* and k(T) = 2.6(2) x 10% s%). Overall,
the relaxation process in field is dominated by QTM (for B < 500
Oe) and thermally activated mechanisms (Orbach + Raman) (for
B > 500 Oe). In a 1600 Oe applied field, the extended Debye
model was used in the temperature range 2-8 K (Figures 2c, S13
and Table S5) and a combination of Orbach o = 1.24(6)x107" s
and AE = 14.8(0.9) K) and Raman (C = 288,4(66) s* K" and n =

3.16(0.33)) processes are able to reproduce the temperature
dependence of the relaxation process (Figure 2d) in agreement
with the field dependence described in Figure 2b. The normalized
Cole-Cole plotsl™ (Figure S14) show that 95% of the sample is
involved in the relaxation process under an applied magnetic field
of 1600 Oe with an almost single relaxation time (distribution a
ranges from 0.002 to 0.19 between 5 and 2 K (Table S5)).
Interestingly, 2 behaves as a better SMM than 1,*Y since 1
reveals no slow magnetic relaxation up to 10 kHz at 2 K.
Calculated transition magnetic moment elements are in slight
favor of the mononuclear complex M-1 (Figure S20) but one could
remind that hyperfine interactions™ and spin-phonon
couplingsl”78l are not considered in the current calculations. The
main difference between 1 and 2 is found in the nature of the
ground KD, which is constructed of an admixture of |[+tm;> states
(68% |+7/2>, 13% [+1/2>, 12% |+3/2> and 7% |t5/2>) for 2
whereas, for 1 the ground state reveals a different and more
mixed composition (63% [+5/2>, 16% |+7/2>, 14% |+1/2> and 7%
|[£3/2>) (Table S9) that directly affects the magnetization
dynamics as well as the magneto-chiral optical properties (see
below).

The absorption of the enantiopure helicene-lanthanide
polymers P- and M-2 were investigated in the UV-visible range, in
toluene solutions (~10° M) (see Sl for details, Figures S4 and S5)
and in solid state (diluted KBr pellets, Figures S6 and S7). The
UV-vis absorption spectrum of 2 in solution shows a similar shape
as for the starting ligand but with overall higher intensity. In KBr,
four main absorption bands centered at 245, 300, 380 and 420
nm are found, corresponding to the n-n* excitations of the hfac
and helicene ligands.

The corresponding natural circular dichroism (NCD) spectra
in solution and in solid state are quite different, with the four NCD
bands corresponding to the absorption ones in solution (toluene,
10° M), and only one positive ECD-active band located at 380 nm
(positive for P-2, with an absorption dissymmetry factor gaps of
7.10* at 298 K, Figure S7) which is typical for helicenes in this
domain. No NCD contribution was observed below 350 nm, which
is certainly due to the scattering of KBr that depolarizes the light
and erases the CD measurement. Scattering intensity being
inversely proportional to the four power of the wavelength, the
shorter the wavelength, the more the chiroptical property will be
affected.

To gain insight into the Yb" f-f electronic transitions,
absorption and luminescence spectra were recorded in the near
infra-red region. The luminescence spectra are recorded for 1 and
2 in the solid state, under excitation at 365 nm (27397 cm™)
corresponding to the absorption of the helicene part which then
sensitizes the Yb'" luminescence. Recall here that Yb" contains
only two multiplet manifolds: the ground 2F, state and the excited
2Fs, one. Due to crystal field, these two states split into My KD
that are distributed in the two manifolds and labeled from 0 to 3 in
the ground state and from 0’ to 2’ in the excited state, from the
lowest to the highest energy as can be seen in Figure S8. NIR
absorption spectra (920-1000 nm range, transmission mode)
were obtained by unpolarized light irradiation of enantiopure
single crystals of P-2 and M-2 along the c crystallographic axis as
a function of the temperature.
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Figure 2 (a) Field dependence of the yv” for M-2 at 2 K in the 0-3000 Oe magnetic field range. (b) Magnetic field dependence of the relaxation time (t) (black dots)
with the best fit (full red line) obtained with equation S1. The dashed red, blue and green lines represent the QTM, Raman+Orbach and Direct processes contributions,
respectively. (c) Frequency dependence of yu” for M-2 in the 2-8 K temperature range under an applied magnetic field of 1600 Oe. (d) Thermal dependence of
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text for parameter values). Raman and Orbach contributions are drawn in dashed black and blue lines respectively.
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Figure 3. Temperature variation (selected temperature, see legend) of the

absorption spectrum (920-1000 nm) for a single crystal of (P)-2 measured with
the unpolarized light wavevector propagating along the c crystallographic axis.

The absorption measurements were delicate due to the
micrometric size of the single crystals which explains the low
signal to noise ratio of the measured spectra. Nevertheless, we
succeeded to record absorption spectra from ambient down to 4K
(Figures 3). At room temperature, the absorption spectrum shows
two main contributions, a sharp absorption band at A = 975 nm
and a broader and less intense band at A = 938 nm. By lowering
the temperature, the spectrum becomes more structured, clearly
evidencing at 4 K, three main contributions at A = 975, 965 and
935 nm (Figure 3). The contribution at A = 975 nm is the sharpest
and does not show any fine structure, being characterized by a
well-defined maximum and a gaussian shape. This transition
gains intensity by temperature lowering. The relatively broad
contribution at A = 965 nm, is much less intense and not visible at
room temperature while characterized by a fine-substructure.
Finally, the contribution at A = 938 nm, that shows a low intensity
at room temperature, gains intensity by temperature lowering, and
becomes the most intense of the series. It is also characterized
by a fine-structure with a shoulder around 932 nm. Overall, these
observations are in very good agreement with what was recently
observed for 1 and are ascribed to the electronic transitions of
Yb", from the ground state of the fundamental level 2F;, to the
three M; KD of the excited one 2Fsj, 0'«— 0, 1" — 0 and 2’ — 0 for
instance (Figure S8). The remaining additional contributions



might be induced by vibronic coupling as proposed for 1.4° The
differences in energy between 1" — 0 and 2’ < 0 transitions is
304 cm?, while it is 117 cm™ between the 0’ < 0 and 1" < 0
transitions. These values are in agreement with those obtained by
SA-CAS(13,7)PT2/RASSI-SO calculations (315 cm™, 115 cm™,
Table S7), which allowed determination of the composition and
energy of the respective KD (see Computational section in Sl).
By comparing the absorption (Figure 3) and luminescence
spectra (Figure 4b) obtained at 4 K and at 77 K respectively, we
can assign the common electronic transition at about 975 nm to
the 0 s 0’, 0-phonon line (defined as the energy separation
between the lowest My KD of each manifold) of Yb" in helicene-
lanthanide polymers P and M-2 (Figure S8). The three other main
expected contributions due to the ?Fs, — 2F7;, transition are
observed at 1002 nm, 1018 nm and 1031 nm, corresponding to O
— 1, 0 > 2 and 0'— 3, respectively (Figure S8). Additional
emission bands are possibly due to hot bands and vibronic
contributions as already observed in Yb" coordination
complexes.’ Indeed at 77 K, based on a Boltzmann distribution,
the population of the excited states 1° is 10% of 0’ and 2' is
negligible. The emission from excited level 1’ to the four levels of
the 2F;, multiplet is reported on Figure S8a. The four main
transitions are separated by 266 cm™, 423 cm™ and 547 cm, in
reasonable agreement with the values obtained from ab initio
calculations (Table S7). For comparison, we also recorded the
luminescence of 1 at 77 K. The obtained spectra are presented in
Figure 4a and show different features than for 2. The intense band
at 978 nm can be reasonably attributed to the 0-phonon line while
the other bands at 995 nm, 1025 nm and 1032 nm are attributed
tothe 0 »> 1, 0’ > 2 and 0’— 3 transitions with energy differences
of 175 cm?, 469 cm™ and 535 cm™. Here again, additional bands
are due to both hot band and vibronic coupling. While the total
crystal field splitting is similar for both compounds (535 cm for 1,
547 cm* for 2) as a consequence of the same N206 coordination
environment for the Yb" ions. The difference in the relative
energies of the transitions are induced by the more distorted Dyqg
symmetry observed in the polymer as suggested by the XRD
structure. Note that for both 1 and 2, the P and M enantiomers
display identical luminescence spectra at low and ambient
temperatures. NIR-luminescence (Figure S9) and CPL (Figure 4)
measurements were performed for 1 and 2 in the solid state at
room temperature, under 365 nm excitation. The helical ligands
revealed both efficient in harnessing the lanthanide for NIR
emission and in providing a strong-enough chiral environment
around the Yb'" for the observation of chiroptical activity. Weak
but reliable mirror-imaged CPL spectra were observed for P and
M-2 (Figure 4b), with corresponding emission dissymmetry factor
(gum) of around +0.007 for the M enantiomer at 978 nm (10225
cm) (Figure S10). Two CPL-active bands are found in M-1, one
negative located at 977 nm (10235 cm?) with a gum value of -0.13
and one positive band at 1004 nm (9960 cm™') about 6 times lower
in gum intensity (gum of +0.02) (Figure S10). Thanks to the
stronger dissymmetric environment around the lanthanide ion in
1, the mononuclear species P and M-1 exhibit a stronger CPL
response (Figure 4a).1*Y Indeed, the absolute value of the gum
factor is 16 times higher in M-1 (0.13) than in M-2 (+0.008) at the
same wavelength. Overall, the gum values observed in these
studies are within the range of those reported in the literature,
which vary from low (10-°%)° to large absolute values (0.38)% and
highlight the influence of the chemical environment of the Yb

center. 4 to 12 bands could be expected at room temperature
depending on the population of the three 2Fsj; KDs.
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Figure 4. Total luminescence (at 77 K) (top) and CPL (at 298 K) (bottom)
spectra, under 365 nm excitation of 1 (a) and 2 (b) in solid state. The scales
luminescence and CPL are normalized to the maximum of emission. Spectra
for P and M enantiomers are shown in red and black, respectively.



The simulated CPL spectrum of M-2 is presented in Figure S19
and its evolution with temperature is presented in Figure 5a based
on Boltzmann population of the 2Fs, multiplet, while the absolute
contributions from the various emissive KDs are given on Figure
5b.I781 Interestingly, the transitions from 1’ and 2' KDs should
disappear on lowering temperature. The contribution to the overall
spectrum at 298 K (red in Figure 5a) is 59 % from 0’, 34% from 1’
and 7% from 2’ (respectively blue, green and magenta in Figure
5b). A similar analysis was done for M-1 (Figure S21).

a) Wavenumber (103 em™1)
11.2 11.0 108 10.6 10.4 10.2 10.0 9.8
10071 —— ae8K a)
240K /4
0.75 1 180K [~
120K [{~\
. 0.50] 60K |
8 — K
g 0.25+
g
Z 0.00 +——— /ﬁ..
L) /
2 0251
3 o0 \/
—0.751
-1.001
900 920 940 960 980 1000 1020 1040
Wavelength (nm)
b) Wavenumber (10% em™?)
112 110 108 106 104 102 100 98
100 2 — | 10
1 —— | ¥y - f\
07s] 0 ) [\
F III |I
. 0501 3 |, | | 2.
n 2 —— |, /\‘.“ f |
S 025 ! *Fra /’ A ".I
_ |
v N —
é 0.001 — —-/7/ Vot ——7/"'.‘ e —
© S III .-'II \
2 0251 : \ JEE 30
— * £ I| II\
< _o.50/ \ ) \'/,,
| 2«10
-0.751 o0\ /
v
_1_00- * 1

900 920 940 960 980
Wavelength (nm)

1000 1020 1040

Figure 5. Simulated CPL spectra at SA-CAS(13,7)PT2/RASSI-SO level of M-2
as a function of the temperature (a) and with different absolute contributions
from the emissive term 2Fs (b). Calculated rotatory strengths indicated as “stick”
spectra.

Thereby, as revealed in Figure S22, any relevant difference in the
shape of the spectra appears between 2 and 1, while rotatory
strengths computed for 1 are 1.3 times higher than for 2 on
average at 298 K (Table S10) in line with the weaker intensity
observed experimentally for 2. As expected for the model
employed for 2, the CPL band simulated at 960 nm corresponding
to the transition 0 «— Q' conserves the same sign as the one
calculated for 1. This result clearly suggests that supramolecular
organization subtly affects CPL signals that could not be
simulated at this stage with molecular models.

MChD measurements were performed in the temperature
range T = 4-290 K with an alternating (Q = 0.04 Hz) magnetic
field B = 1.0 T applied along the light wavevector k on the same

oriented crystals used for the collection of the absorption spectra
(see above). Figure 6 shows the temperature dependence of the
MChD spectra for both enantiomers.
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Figure 6. Temperature variation (see legend) of MChD spectra (920-1005 nm)
of P-2 and M-2 recorded on an oriented single crystal under an applied magnetic
field B=+1.0T.

Three main MChD signals are observed for each enantiomer;
an intense sharp signal at A = 976 nm, and two fine-structured
signals of lower intensity at A = 935 nm and A = 965 nm. These
signals are clearly associated to the 2Fs, < 2F7, electronic
transition of the Yb" ion split by the crystal field in three
components. The contribution at A = 976 nm, which is not affected
by vibronic coupling, provides mirror-imaged signals for opposite
enantiomers, while those at A = 935 nm and A = 965 nm do not
have exactly the same intensity once normalized for the sample
thickness. This can be associated to a different lattice-strain in the
two samples, as the single crystals of 2 are particularly thin and
fragile. Indeed, such a behaviour emerges for the two
components that are affected by vibronic coupling.

The intensity of the MChD signals (AAwmchp) at 976 nm
associated to the 0’ < 0 is remarkably high, reaching ca. 0.50
cm™at 1 T. It compares well to magnetization data recorded on a
polycrystalline sample of 2 in the entire investigated temperature
range for B = 1.0 T (Figure S15) and in the 0.0-1.90 Trange at T
= 4.0 K (Figure S16). The magnetic field dependence at 4.0 K of
the MChD signals is depicted in Figure S17. The relative MChD
with respect to the overall absorption is evaluated by calculating
Owmcho for this transition (see SI). It is worth 0.19 T, which is one
of the highest values reported to date and the highest for
lanthanide complexes. As a comparison, the gucnp value for 1 was
0.12 T, which indicates that a gain of a factor ca. 1.5 is
associated to the different coordination environment and/or
magnetic anisotropy of the lanthanide ion in the two compounds.

The high AAwmcho values allowed us to investigate the
temperature dependence of the MChD spectrum for both
enantiomers up to room temperature (Figure 6). MChD spectra at
room temperature are extremely rare in the literature, and this
represents the first full temperature (4-290 K) study. Such
temperature dependence studies are particularly important
because it allows to clearly follow the shape evolution of the



MChD signals, as for paramagnetic systems, a drastic change in
the shape is expected. As in Magnetic Circular Dichroism
spectroscopy, 8 at low temperature, the C term, associated to
a variation of the population of the ground state level, defines the
shape of the signal (absorption-like). As the temperature
increases and reaches ca. 150 K, the temperature independent A
term, associated to the lifting of the degeneracy of ground and
excited state levels due to the magnetic field (Zeeman splitting),
became well visible and defines the experimentally observed
shape (derivative type) (Figure 7).
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Figure 7. Comparison between MChD spectra recorded at 4 K and 290 K for
both enantiomers (left) and zoom of the MChD spectra at 290 K, evidencing the
derivative-type shape (right).

Overall, the experimental data herein reported confirm that
the magnetic dipole allowed 2Fs, < 2F7, electronic transition of
Yb'", together with the inherent high spin-orbit coupling of the
lanthanide ion, is a strong MChD-active transition, allowing the
observation of gucnhp anisotropy factors as high as ca. 20% of the
absorption observed at zero field. To increase the portion of the
absorption affected by the applied magnetic field, one can in
principle increase the chirality at the metal center but it might not
be the most efficient strategy with respect to act on the magnetic
anisotropy of the magnetic ground state through the coordinating
ligands.®Y Indeed, the structural data suggest that the chiral
environment is weaker for 2 with respect to 1 whereas theoretical
calculations and magnetic measurements show that the magnetic
anisotropy of the ground state is higher in 2 than in 1. This is
clearly shown by the calculated composition of the ground state
wavefunction that is dominated by a |+7/2> component in 2
instead of a [£5/2> component in 1. These theoretical results thus
clearly illustrate the influence of the chirality of the lanthanide
environment and its magnetic anisotropy on the MChD properties.

Conclusion

In conclusion, unprecedented enantiopure 1D coordination
polymers of Yb'" involving helicene-based ligand were designed
and characterized. The combination of the chirality and efficient
sensitization of the Yb'" luminescence allowed the observation of
NIR-CPL signal and contribution from the supramolecular
organization. The combination of chirality and magnetism allowed
the observation of a strong MChD response. The latter was
observed up to room temperature thanks to the specific crystal
field which induced a strong magnetic anisotropy for the Yb'"

center. A comparison with the homochiral mononuclear systems
highlighted that the magnetic anisotropy is the preponderant
criterion for the observation of strong MChD compared to chirality
in Ln" complexes. Such conclusion opens new routes to the
design of high performance MChD SMMs and to their use as
potential candidates for optical readout of magnetic data with
either polarized or unpolarized light.
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Enantiopure 1D Yb'" coordination polymers involving helicene-based ligands were designed. Their physical investigations revealed an
unprecedented combination of field-induced Single-Molecule Magnet behavior, Near-Infrared Circularly Polarized Luminescence and
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observation of a strong MChD.



