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Abstract
Dysprosium B-diketonate compounds have recently gained a lot of attention due to their intriguing
multifunctional properties. In this paper, a series of “Dy(hfa)s-glyme” adducts have been prepared
through a one-pot reaction, in dichloromethane, from dysprosium (Ill) acetate monohydrate,
hexafluoroacetylacetone and glyme [Hhfa = 1,1,1,5,5,5-hexafluoroacetylacetone, glyme = bis-(2-
methoxyethyl)ether, 2,5,8,11-tetraoxadodecane, 2,5,8,11,14-pentaoxapentadecane]. Based on the
length of the polyether, various coordination frameworks have been obtained going from a
mononuclear Dy(hfa)zediglyme adduct, to a polymeric chain system for the Dy(hfa)ze2H2Oetriglyme
and an ionic structure for the [Dy(hfa).etetraglyme]*[Dy(hfa)s]”. The relationship between the
coordination framework in the “Dy(hfa)sglyme” series and the magnetic and luminescent properties

has been deeply investigated.



Introduction

In recent years, the synthesis and characterization of molecular complexes simultaneously exhibiting
interesting optical and magnetic properties has significantly increased [1-4].

In particular, the most investigated and interesting systems in this field are those containing lanthanide
ions (Ln) which can show both single-molecule magnets (SMMs) behavior and photoluminescence,
owing to their peculiar electronic structures [5-7].

Single-molecule magnets behavior is the ability of a molecular complex to retain its magnetization,
in the absence of long-range order, for a long time at a given temperature due to the presence of a
magnetic anisotropy barrier [8,9]. This results in magnetic bistability at low temperature making these
systems of interest in perspective applications as high density magnetic memory units, molecular
qubits and in molecular spintronics [10-14]. Lanthanide based complexes have first been shown to
behave as SMMs single-ion magnets (SIMs) by Ishikawa et al. in 2003, who investigated a
phthalocyaninato lanthanide complex with a “double-decker” structure of the general formula
[LnPc2] [15]. Since then, an incredible amount of research has been performed on Ln-SMMs based
on organic coordinating network of phtalocyanine [16,17], polyoxometalate [18-20], macrocyclic
Schiff base ligands [21-26], radicals [27], and more recently organometallic complexes [28], holding
the record for the highest magnetization blocking temperature [29,30].

B-Diketonates [31-33], have also been exploited since the beginning of the study on Ln-SMM as
anionic ligands. [Dy(acac)z(H20)2] (acac = acetilacetonate) is among the first single-ion lanthanide
complexes to have been reported to show slow relaxation of the magnetization, which has been the
subject of detailed experimental and theoretical studies [31,34]. Following this seminal example,
various groups have reported simple pB-diketonate complexes adducted with a Lewis base showing
either SMM behaviour [35-38] or so-called Single Chain Magnet behaviour [39], where the reversal
of the magnetization occurs by following Glauber dynamics.

In most of the cases reported up to now, in B-diketonates dysprosium metal ion exhibits Ising-type

ground states with a local symmetry of Daq such as in the [Dy(acac)s(H20)-] and [Dy(acac)z(phen)]



(phen = phenanthroline) [31,36]. The complexes [Dy(dpq)(acac)s] and [Dy(dppz)(acac)s], obtained
using large aromatic derivatives as co-ligands, show a significant enhancement of the anisotropy
barrier compared with previous adducts [40]. Although the majority of these SIMs contain 4f-centers
with close to Dasg axial ligand-field symmetry, coordination spheres of lower symmetry are also
observed [26,41].
At the same time B-diketonates derivatives of some lanthanide ions are known for being highly
luminescent [42,43]. It is well known that the lanthanides emission is due to transitions inside the
partially filled 4f shell. Since the 4f shell is shielded by the 5s25p® shell, the electronic configuration
of trivalent lanthanide ions is only barely perturbed by ligands in the first and second coordination
sphere. This shielding is responsible for the narrow-band emission and long lifetimes of excited states
of these materials. Therefore, if on one hand the luminescence emission by lanthanides is an efficient
process, on the other hand the light absorption is very weak. For this reason, a phenomenon known
as “antenna-effect” is desirable: Weissman [44] discovered that organic chromophores, due to their
intense absorption bands, can transfer their absorbed energy to the lanthanide ions by intramolecular
energy transfer. The commonly accepted mechanism of this process is the one described by Crosby
and Whan [45]. It consists of the excitation of the organic ligand and the energy transfer between its
lowest triplet level and the accepting level of the lanthanide ion. In order to have an efficient energy
transfer between ligand and Ln(I11), the ligand triplet state should be at least 2000 cm™ higher in
energy than the lanthanide ion emitting state [46]. Since the energy differences between triplet states
of hfa and phen and the emitting level of Dy(ll1) is higher than this value, an efficient energy transfer
occurs and the luminescence properties of these materials are improved. Furthermore, the phen is an
ancillary ligand that enhance the rigidity of the complex, reducing non-radiative relaxation processes
and then improving the luminescence efficiency [44].

In this perspective, the present work reports on various dysprosium B-diketonate polyether

adducts of general formula “Dy(hfa)3eglyme” [Hhfa = (1,1,1,5,5,5-hexafluoroacetylacetone); glyme

= diglyme (bis(2-methoxyethyl)ether), triglyme (2,5,8,11-tetraoxadodecane), and tetraglyme



(2,5,8,11,14-pentaoxapentadecane)] from their syntheses to related magnetic and luminescence
studies. The effect of polyether length on the coordination sphere of the Dy ion has been correlated

to the observed magnetic and luminescent properties.

Experimental Section

Reagents. Commercial dysprosium acetate monohydrate and Hhfa were purchased from STREM
Chemicals Inc, while diglyme, triglyme and tetraglyme were purchased from Sigma-Aldrich. All
chemicals were used without any further purification.

General procedures. The reactions were conducted under normal laboratory conditions. Infrared

transmittance spectra were recorded using a Jasco FT/IR-430 spectrometer as nujol mulls between

NaCl plates in the 4000-400 cm-1 range. The instrumental resolution was 2 cm™. The melting points
were measured in air with a Koeffler microscope. Thermogravimetric analyses (TGA) were
performed using a Mettler Toledo TGA/SDTA 851° under prepurified nitrogen flow fed into the
working chamber at 30 sccm, with a 5°C/min heating rate at atmospheric pressure. Differential
scanning calorimetry (DSC) were carried out using a Mettler Toledo Star System DSC 3 with a
heating rate of 5 °C/ min from 25 °C up to 400 °C under prepurified nitrogen. Weights of the samples
were between 6-14 mg.

Optical spectroscopy

The excitation spectra of the powder samples were acquired using a Nanolog/Fluorolog-3,
spectrofluorometer, equipped with a xenon lamp (450 W) and a R928 (Hamamtsu) photomultiplier.
The experiment has been conducted in a face-front geometry at 22.5° and the spectra were collected
with an optical spectral resolution of 0.5 nm. Emission spectra were measured using a 450 nm diode
laser as an excitation source, Czerny-Turner monochromator (Andor, Shamrock 500i) equipped with
a 1200 lines/mm grating (estimated spectral resolution 0.12 nm) and an iDus CCD camera cooled at
-80 °C. The emission signal was collected with a 40x microscopy objective (Nikon, Plan Fluor) using

a beamsplitter mirror 30:70=R:T (Thorlabs, UV-Fused Silica substrate, 400-700 nm).



Synthesis of Dy(hfa)3ediglyme (Dy-1). 1.7304 g (5.0954 mmol) of Dy(CH;COO),-H20 was first
suspended in dichloromethane. Diglyme 0.69 ml (4.8 mmol; d=0.940 g/ml) was added to the
suspension. H-hfa 2.04 ml (14.4 mmol; d=1.47 g/ml) was added to it under vigorous stirring after 10
minutes and the mixture was refluxed under stirring for 1 h. The pale yellow solution was collected
by filtration in air and the excess of Dy(CH;COO),-H20 was filtered off. The pale yellow product
was obtained upon evaporation of the solvent. It was washed two to three times in pentane. The
reaction yield was 87%. The melting point of the crude product was 66-69°C/760 Torr.

Synthesis of Dy(hfa)se2H2Oetriglyme (Dy-2). Prepared using a procedure analogous to that
described for the adduct 1 from 1.6576 g (4.8810 mmol) of Dy(CH,COO),-H20, 0.87 ml (4.8 mmol;
d=0.986 g/ml) of triglyme and 2.04 ml (14.4 mmol) of H-hfa. Yield 91%. The melting point of the
crude yellowish product was 60-77 °C/760 Torr.

Synthesis of [Dy(hfa)zetetraglyme]*[Dy(hfa)s]- (Dy-3). Prepared using a procedure analogous to
that described for the precedent adducts from 1.7427 g (5.1316 mmol) of Dy(CH,COO),-H-0, 0.53
ml (4.8 mmol; d=1.0132 g/ml ) of tetraglyme and 2.04 ml (14.4 mmol) of H-hfa. The solid product
was filtered off. The product was a mixture of the excess of Dy(CH,COO),;-H.O and of
[Dy(hfa),etetraglyme] *[Dy(hfa)s]". The product 3 was isolated by dissolving the mixture in acetone,
since 3 is soluble in acetone, while, the Dy acetate is not soluble in the same solvent. The pale yellow
adduct 3 was recovered by acetone evaporation. Yield 72%. The compound melts at 186-191 °C/760

Torr.

Magnetic characterization

Temperature-dependent direct current (DC) magnetic measurements were conducted on a Quantum
Design MPMS SQUID magnetometer. Raw data were treated for the underlying sample holder
contribution and corrected for the intrinsic diamagnetism of the sample using Pascal’s constants.[47]
AC magnetic susceptibility measurements were carried out on both the aforementioned SQUID and

a Quantum Design PPMS in AC mode at both zero and applied external DC field in the presence of



a 5 Oe oscillating magnetic field. The latter set-up was used for frequencies between 10 Hz and 10
kHz, whereas the former was used for frequencies in the range 0.1 Hz-1 kHz. Powders were pressed
in a pellet to avoid field-induced orientation of the crystallites.

Description of the code for fit of ac susceptibility data

The fits of the ac susceptibility data using generalized Debye model were obtained with the help of a
home-developed code described hereafter. The curve fitting was performed with the Isgnonlin
nonlinear least-squares solver available in Matlab’s optimization toolbox [48].

Generalized Debye model was coded as a parametric function of x where x = [s, #1, a, 7] are the
parameters introduced in the Debye model. The algorithm then simultaneously optimizes the residual
values of #'fit(X) - 7'data(X) and »"iit(X) - ¢"data(X). As " data usually gives more precise results on the
fit parameters (because they show relevant maximum), the optimization of x is carried out with default
values of 80%  weight on the " residual and 20%  for 4.
Additionally, Tikhonov regularization of parameters with norm |, is added to the optimized function
to avoid aberrant values of the parameters. The default Lagrange parameter is chosen as A=0.001.

The optimization is then carried out on x by optimizing the expression in equation \ref{min} using

the Trust-Region-Reflective Least Squares algorithm [49].

2 2
. ’ ' " " 2 2
mxln{[O.Z X ()( fie ~X dam)] + [0.8 X ()( fie X dam)] + 4 E xi}

To obtain more trustable fits, a weight was beforehand applied to the data, based on the standard
deviation given by the measuring instrument. By doing so, more trustable points (with lower standard
deviations) carry more weight in the fit process.

As AC data usually show continuity (when the external dc field or temperature is monotonically
scanned) each set of parameters is used as initial guess for the next curve's optimization process.
Other initial guesses are also available in the program, corresponding to classical shapes of AC

curves. To give an error estimation on each obtained parameter, the 95 % confidence intervals were



computed by inserting residuals and Jacobian matrices in matlab’s nlparci function. However, more
accurate errors could be calculated by taking into account the parameters distribution described in the
generalized Debye model [50].

Ultimately, the program plots two figures with {#'it(X), ¥'data(X)} and {»"'it(X), 7"data(X)} against the
AC frequency, at each temperature or DC field scanned. The fitted parameters are stored in a

separated file for further processing.

Results and discussions

Synthesis. The “Dy(hfa)3eL” adducts can be easily prepared through a single-step reaction from

dysprosium acetate monohydrate, hexafluoroacetylacetone and polyether in dicloromethane

following eq 1 or 2:

Dy(CH,COO);eH20 + 3H-hfa + L — Dy(hfa)3eL + 3 CH3COOH +H.0 (L=diglyme) (eq.1)

or

Dy(hfa)3e(H20)20L (L=triglyme)

2Dy(CH,COO0),eH:0 + 6H-hfa + L — [Dy(hfa)-L]*s[Dy-(hfa)s] + 6 CHsCOOH +H,0

L= Tetraglyme  (eq.2)

The synthetic strategy produces adducts with a high yield in a single step, thus representing a low-
cost route from commercially available chemicals.

A slight excess of Dysprosium acetate monohydrate favors the isolation of the product since the
excess remains insoluble and can be easily filtered off. The adducts are soluble in dichloromethane
and acetone and less soluble in common organic solvents such as pentane, n-octane and n-decane.

The present synthetic procedure gives rise to non-hygroscopic and water-free adducts Dy-1 and Dy-



3, while H.O molecules have been found coordinated to the Dy center in Dy-2 (vide infra).

Infrared spectra. The IR spectra of the “Dy(hfa)3eglyme” adducts, reported in figure 1, confirm the

formation of the complexes. In fact, all the spectra show two characteristic peaks around 1650 and

1560 cm! associated with the C=0 and C=C stretching frequencies that substantiate the coordination

of the hfa ligand to the metal. The absence of any bands around 3600-3400 cm-1 in the spectra of Dy-

1 and Dy-3 is indicative of H>O-free species. By contrast, the broad envelope with two bands at 3361

and 3268 cm-1 in the spectrum of Dy-2 is associated with water coordination. The region between
800 and 1100 cm™ may be considered as fingerprints of the glyme coordination to the dysprosium
hexafluoroacetylacetonate moiety.

It is worthy to compare the numbers and positions of peaks in this region with those found for the
yttrium analogous adducts. In Table 1 the stretching of the polyether C-O in Dy adducts is compared
with the analogous Y ones [51]. The similar IR spectra in this region point to similar coordination
environments for the Y and Dy ions in the two series of complexes. This observation finds counterpart
in the comparable ionic radii, reported for an height coordination, of Dy** (r = 1.027 A) and Y3 (r =

1.019 A) [52].
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Fig. 1. FT-IR spectra (nujol mulls) of (a) the “Dy(hfa)s*glyme” adducts and (b) a magnification of
the fingerprint region (700-1050 cm™) for glyme coordination.

Table 1. Vibration modes of “Dy(hfa)zeglyme” with diglyme, triglyme and tetraglyme.

“M(hfa)seglyme” diglyme triglyme tetraglyme
C-O stretching C-O stretching C-O stretching
(cm™?) (cm™?) (cm™?)

Dy 837 (w), 873 (m), | 837 (vw), 844(m), | 832(vw), 848(m),
981 (w), 1017 (m) | 939(w), 1018 (m) | 930 (w), 950(m),

1028(m)
Y 835 (w), 870 (m), | 840(w), 940(w), | 830(vw), 850(m),
950 (w), 1010 (m) 1020 (w) 930(w), 950(m),

1035(m)




Thermal properties. The thermal behavior of the three complexes has been investigated through
thermogravimetric analyses (TG) and differential scanning calorimetry (DSC). The latter
characterization has allowed to make a comparison with analogous rare-earth compounds of similar
ionic radius, thus corroborating the isostructural nature of these complexes. Figure 2 reports the DSC
analyses of the adducts. The DSC scan of complex Dy-1 shows one endothermic peak at 67.8 °C due
to melting of the adduct and matches the melting range (66-69 °C) observed with the Koeffler
microscope. Evaporation occurs in the 220-270 °C temperature range.

The broad endothermic peak at 72.5 °C, observed for the compound Dy-2, can be mainly associated
with the melting of the product. Nevertheless, it cannot be excluded that another kind of process, that
is, a solid-phase transition peak, may be hidden under the same peak. An exothermic peak has been
also found between 260 °C and 310 °C.

Finally adduct Dy-3 shows a sharp endothermic peak at 189.6 °C associated with the melting process
and a very broad peak in the range 210-310 °C, which accounts for evaporation. The very high melting
point observed for Dy-3 is similar to those observed for the Y, Eu, Gd, and Ho homologues [53].

In Table 2, the melting points of the diglyme, triglyme and tetraglyme adducts are reported for a series
of small ionic radius rare-earth ions. For comparison, the melting points of the related adducts of
Lanthanum are reported as well. It is interesting to observe that a larger ionic radius rare-earth ion,
such as La* (r = 1.16 A) gives rise to a mononuclear La(hfa)ssglyme adducts whatever the glyme and

that the La(hfa)setetraglyme shows a much lower melting point of 87.6 °C [54].
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Fig. 2. DSC curves of the “Dy(hfa)s*glyme” adducts in the 30-400 °C temperature range.

Table 2. Melting points of the diglyme, triglyme and tetraglyme adducts for a series of small ionic
radius rare earth ions. The m.p of La adducts are reported for comparison.*

“M(hfa)zeglyme” M(hfa)zediglyme | M(hfa)se2H20etriglyme [M(hfa)a]
phase transitions phase transitions (C°) | [M(hfa)2etetraglyme]*
(C°) phase transitions (C°)

Dy 67.8 (m.) 72.5 (m.) 189.6 (m.)

Y (ref. [54]) 62.2 (m.) 53.8 (m.) 176.9 (m.)

“M(hfa)seglyme” M(hfa)sediglyme M(hfa)setriglyme M(hfa)setetraglyme
m.p. (C°) m.p. (C°) m.p. (C°)
La (ref. [53,55]) 74.9 (m.) 79.3 (p.t.), 87.6 (p.t.), 67(p.t.), 84 (m.)
145.8 (m.)

*p.t. = solid-solid phase transition, m.= melting point.

Atmospheric pressure thermogravimetric analysis curves of “Dy(hfa)3eL” and their related

derivatives (DTG) are reported in Figure 3. The complex Dy-1 shows an 89% weight loss in the 120-
257 °C range and a 6% loss in the 257-450 °C range with a 5 % residue left at 400 °C. The broad

DTG peak is centered at 248 °C.




The triglyme adduct Dy-2 shows that the compound maintains a constant weight up to about 100 °C.
This is the temperature at which the water molecules, coordinated to the Dy ion in accordance with
IR and DSC data, are removed, indicating that Dy-2 is a hydrated species. The observed weight loss
of 3.2% compares well with the theoretical value (3.6%) found for the coordination of two water

molecules to give the Dy(hfa)3e2H20etriglyme complex. Vaporization process occurs in a higher

temperature range, namely 125-250°C. Residue at 400 °C is about 5%.
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Fig. 3. TG-DTG curves of the “Dy(hfa)s*glyme” adducts in the 30-400 °C temperature range.

A different behaviour has been observed for the tetraglyme complex Dy-3. In fact, it shows a lower
volatility than the other adducts. The complex evaporates quantitatively in a single sublimation step

in the 187-286 °C temperature range, with a residue of 3 % at 400 °C. Thus, the compound Dy-3 is



thermally stable and the derivative curve of TG (DTG) consists of a single intense peak thus
indicating that it evaporates quantitatively in the temperature range previously cited.

Thus, IR, TG and DSC data indicate that these adducts are isomorphous with complexes of rare-earth
metals of small ionic radius. In particular, the adduct Dy-1 is a monomeric molecule, the adduct Dy-
2 has a polymeric network with a formula of M(hfa)se2H.Oetriglyme and the Dy-3 possesses an ionic
structure of the type [M(hfa)s] [M(hfa).etetraglyme] .

The good thermal behaviour under atmospheric pressure of these adducts envisage excellent thermal

properties for the deposition of these complexes as nanostructured films [56].

Magnetic characterization. The temperature dependence of ¢ T for all the complexes is reported in
Figure 4. The room temperature ¥ T value per mole of Dysprosium(lI11) is close to the expected free-
ion value (®Hasz, g1 = 4/3,  Ttree-ion=14.02 emu K mol ™) for all of them. On lowering temperature T
decreases due to progressive depopulation of excited sublevels of the J = 15/2 multiplet, split by the
ligand field of the glyme. The observed difference in the thermal profile point to relevant differences
in the coordination spheres of these complexes. The isothermal magnetization curves at low
temperature (Inset of fig. 4, curves reported as M vs H/T) are on the contrary quite similar to each
other, suggesting that the ground state doublet resulting from crystal field splitting has a similar
composition in terms of my in the three derivatives. The observed saturation value in these curves is
slightly above 5 us (per mole of Dysprosium ion) for all the complexes, as almost invariably reported
for Dysprosium(111) containing complexes, and in agreement with the expected effects due to Ligand
Field splitting. The reduced magnetization curves measured at the three temperatures do not strictly
superimpose on each other for any of the derivatives, thus suggesting that the ground state is not

completely isolated from the excited ones.
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Fig. 4. xT vs T plot for the three complexes. (inset): Reduced Magnetization curves for the three
derivatives measured at 1.9 2.5 and 5 K. Data are reported per mole of Dysprosium(lll).

To probe magnetization relaxation processes in the three derivatives, AC susceptibility measurements
were performed as a function of the external applied field (0-3 KOe), temperature (2-15 K), and
frequency (0.02 Hz-10 kHz). Interestingly, all three samples show a non-zero value of the imaginary
component of the susceptibility (") in zero external applied field for frequencies above 1 KHz (Fig.
5). The position of the maximum is temperature independent up to 8 K and only weakly temperature
dependent above, as long as it remains detectable in our setup. This suggests that this relaxation
process is essentially due to QTM, possibly driven by the intermolecular dipolar interactions in the

concentrated phase.
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On applying an external dc field, this high frequency relaxation process is strongly suppressed while

a much slower process starts to arise, visible as a low frequency tail (Fig. 6). This behavior is quite

common in undiluted Dysprosium(l11) containing complexes of axial symmetry [31,57,58].
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The temperature dependence of the dynamic magnetic susceptibility was then measured in an applied
field of 2100 Oe, chosen as the optimum one for the three derivatives, down to 0.05 Hz and the
corresponding curves fit by using a generalized Debye model (Fig. 7). It is worth noting that for all
the complexes at low temperature the fast process at high frequency is not completely quenched, as
evident by the non-zero value of i’ at 10 KHz for all the three derivatives. This forced us to consider

two different contributions to reproduce the data: however, only the parameters pertaining to the

slowest process have a physical meaning. In this interpretation, the fastest one has to be considered



as a residue of the QTM dominating in zero-field. It is then interesting to notice that for Dy-3, which
contains two different magnetic sites, only a single process is observed, suggesting that only one of
the two centers is slowly relaxing. This is also consistent with the y’’/y’ ratio, which is approximately

one half than for the other two derivatives.
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Fig. 7. Frequency dependence of the real (top) and imaginary (bottom) component of the magnetic
susceptibility for the three derivatives in an external field of 2.1 KOe as a function of the temperature.
The lines are the fit to the data using a generalized Debye model assuming two different contributions.
Data are reported per mole of complex.

The extracted temperature dependence of the relaxation time of the slow process is reported in Fig. 8

for Dy-1, Dy-2 and Dy-3 as a log-log plot. In the absence of an applied field all the derivatives show

similar QTM times, around 5 x 10 s,
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When considering the relaxation time under an applied field of 2.1 KOe, the linearity of the plot over

a large range of temperature is evident for Dy-1 and Dy-2, suggesting that in this temperature range



and with this applied field the Raman contribution to the relaxation is dominating.[59] Some
curvature is still visible at low temperature: this might be either due to QTM being not completely
quenched or to the contribution of a direct process. The low temperature deviation from pure Raman
behaviour is particularly evident for Dy-3. We attribute this peculiar behaviour to the stronger dipolar
interactions, which in this derivative involves the cationic and the anionic moieties. Based on the
foregoing interpretation, we fitted the temperature dependence of the relaxation time as a function of
temperature by two different equations, considering either a combined Raman/QTM relaxation, 7
1=AgamT" + Borm OF a Raman/direct one, 7'=AramT" + CqirT, since the direct term, should in principle
be present for the in-field data set. The obtained fits were of comparable quality, then not allowing
discriminating between the two models. It is however to be stressed that for both models, the best-fit
Raman exponent is for all the three derivatives close to 6 (see Table 3 for best fit parameters). This
value, even if lower than the one theoretically expected [60], is in line with those reported for many
different Lanthanide based molecular magnets. The non-observation of an Arrhenius-like behaviour
suggest that the magnetic anisotropy barrier is high enough that this relaxation path only becomes
accessible for these systems at higher temperatures. On the other hand, the efficiency of the Raman
relaxation is likely to be related to the flexibility of the glyme ligand; interestingly a dominance of
the Raman relaxation path has been reported also for crown-ether lanthanide complexes [58]. More
detailed information on the relaxation processes in these complexes would require the obtainment
and characterization of diamagnetically dilute isostructural analogues, which is beyond the scope of

this paper.



Table 3. Best fit parameters for the two models describing the temperature dependence of the
relaxation time.

Raman + QTM Raman + direct

Aram (S'1 K™ n Botm (S'l) Aram (S_l K™) n Cdir(S'1 K'l)

Dy-1 | (55+06)x10° | 63+007 | 1.4+03 | (48+0.7)x10° | 6.37+0.08 | 0.6+0.1

Dy-2 | (5.7+0.6)x10° | 5.61+0.06 | 06+0.1 | (4.8=0.6)x10%| 5.69+0.07 | 0.29 +0.04

Dy-3 | (1.2+05)x10° | 63+0.2 33+4 (6% 3) x 10 6.6 £0.2 9.+ 1.

Luminescence properties.

The emission and excitation spectra of the adducts are presented in Figures 9 and 10, respectively.
The excitation spectra were recorded by monitoring the strongest emission at 573 nm. A broad band
around 350 nm is assigned to the So—S: transition typical of the hfa ligand [61]. Other narrow
excitation bands are related to 4f—4f transitions of Dy(I11): ®Hisiz — ®Ps2, ®Hisiz — *l13s2, ®Hisro —
4G11s2, ®Hisz — s and ®His;; — #Foi2 were observed at 365 nm, 387 nm, 426 nm, 451 nm and 470
nm, respectively.

The emission spectra have been collected upon excitation at 450 nm, corresponding to the ®His —
G111 transition of Dy(111). The emission spectra are dominated by a very strong band around 575 nm,
in the yellow spectral region, due to the *Fe,>°Hiz transition of Dy(lll). This electric-dipole
transition is hypersensitive (AJ=2) and it strongly depends on the local environment around the
lanthanide in the complexes. Since a slight variation of the band profile is observed for this band, the
symmetry of the site where Dy(I11) is accommodated is different [62]. A much weaker band around

660 nm with respect to the yellow emission, is observed, due to the *Fo;2 = ®Hia2 transition.
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Fig. 9. Excitation spectra of the Dy(I11) adducts (Aem=573 nm). The labels refer to the excited
levels populated by transitions starting from the ®His/> ground state.
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Fig. 10. Emission spectra of the Dy(111) adducts (Aem=450 nm). The labels refer to the excited levels
from which the radiative processes to the ®His;, ground state take place.



Conclusions

The present one-pot synthetic strategy has proven an efficient route for the preparation of novel Dy
adducts, that to our knowledge represent the first examples of lanthanide B-diketonate polyether
adducts investigated regarding their multifunctional magnetic and luminescent properties. Both
investigations point to a diverse behavior that can be related to differences in the Dy coordination
sphere. The magnetic measurements indicate that all the three derivatives show slow magnetic
relaxation in zero field, and a Raman dominant path is evident from the temperature dependence of
the relaxation time measured in-field. In addition, all the samples show an interesting sharp yellow
emission around 545 nm, that is more than 70% of the total emission in the visible range, upon
excitation with radiation in the UV or -blue region. Finally, their thermal stability, as assessed through
thermogravimetric measurements, suggests the possibility to apply these complexes for the

fabrication of single monolayer systems through a molecular layer deposition approach.
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