
HAL Id: hal-02364866
https://univ-rennes.hal.science/hal-02364866

Submitted on 17 Feb 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A supramolecular chain of dimeric Dy single molecule
magnets decorated with azobenzene ligands

Gang Huang, Xiaohui Yi, Frédéric Gendron, Boris Le Guennic, Thierry
Guizouarn, Carole Daiguebonne, Guillaume Calvez, Yan Suffren, Olivier

Guillou, Kevin Bernot

To cite this version:
Gang Huang, Xiaohui Yi, Frédéric Gendron, Boris Le Guennic, Thierry Guizouarn, et al.. A
supramolecular chain of dimeric Dy single molecule magnets decorated with azobenzene ligands. Dal-
ton Transactions, 2019, 48 (42), pp.16053-16061. �10.1039/c9dt03540k�. �hal-02364866�

https://univ-rennes.hal.science/hal-02364866
https://hal.archives-ouvertes.fr


Rev
ise

d m
an

us
cri

pt
a.  Univ Rennes, INSA Rennes, CNRS, ISCR (Institut des Sciences Chimiques de 

Rennes), UMR 6226, F 35000 Rennes, France. 

A supramolecular chain of dimeric Dy single molecule magnets 
decorated with azobenzene ligands 

Gang Huang,a Xiaohui Yi,a Frederic Gendron,a Boris Le Guennic,a Thierry Guizouarn,a Carole Daiguebonne,a Guillaume 
Calvez,a Yan Suffren,a Olivier Guilloua and Kevin Bernota* 

We report on the synthesis, ab-initio calculations, magnetic and optical characterization of a DyIII-based dimeric compound named DyAZO. The dimers 
self-organize into a supramolecular chain decorated with photo-isomerizable azobenzene ligands. DyAZO displays a Single-Molecule Magnet (SMM) 
behavior. However, ab-initio calculations highlight a quite strong admixture of MJ states of the 6H15/2 level of the DyIII ions, the presence of low-lying 
excited MJ states as well as an antiferromagnetic Dy-Dy dipolar coupling. This favors zero-field fast tunneling. Accordingly the Dy-doped analogue 
YDyAZO (5.5% Dy doping) displays an enhanced magnetic relaxation with an hysteresis that is observed at 0.5K. The influence on the magnetic 
properties of the decorating azobenzene ligand cis- to trans- isomerization has been tested both on solid samples and solutions of DyAZO and YDyAZO. 
This provides hints for the synthesis of future Dy-based photo-isomerizable molecules. 

Introduction 
Single-molecule magnets (SMMs) are molecules able to retain 
magnetic information at the molecular scale.1-4 However for 
more than twenty years, their magnetic and quantic properties 
were confined to very low temperature. Recently, 
considerable improvements of their working temperature have 
been observed thanks to the rational design of 
lanthanide-based SMMs (Ln-SMMs).5-7 
However, small perturbations in the electrostatic surrounding 
of Ln-SMMs8-12 are known to induce drastic changes in their 
magnetic behavior.13-20 This is particularly true for lanthanide 
dimers where both exchange and dipolar couplings are 
mixed.21-27 Such influence of electrostatic on the magnetic 
relaxation of SMM behavior was rationalized recently16, 28-31 
but full control of this feature in a given molecule is relatively 
hard to achieve. Indeed, reversible modification of the 
electrostatic surrounding of a given Ln-SMM could allow 
observing tailored changes in its magnetic relaxation. 
SMM switching was observed on various 3d complexes and 
triggered for example by solvatation/desolvatation 
processes,32, 33 valence tautomerism34, metal-to-metal charge 
transfer,35 combination with spin-crossover,36 light-induced 
molecular motion,37 light-induced electron transfer,38 or on a 
remarkable example of 3d-4f SMM redox switch.39 Last, 
photochromic ligands have been also reported to be efficient 
to influence SMM properties on 3d-SMM.40, 41 
SMM switching of 4f-SMM is trickier but was observed using 
solvatation/desolvatation processes,42, 43 liquid-crystal phase 
transitions44, redox 4d-4f switch45 or photochromic ligands 
such as merocyanine46 or diarylethene.47-49 Photochromic 
ligands are particularly interesting in combination with 

lanthanide ions because their photoconversion induces both 
an electrostatic change in the ion surrounding and a strong 
molecular motion in the crystal packing that can in some cases, 
goes up to single-crystal to single-crystal transformation.50 
In this work, we focused our efforts on photochromic ligands 
of the azobenzene family. In fact, azobenzene derivatives can 
be switched easily from their trans to cis form by UV light.51, 52 
Efficient azobenzene switching is also reported in the 
solid-state even when grafted on surface.53-56 Azobenzene 
ligands are used most of the time to build fully organic 
compounds with molecular switching properties51 and mainly 
in order to trigger molecular motion.57-59 Some examples of 
metal complexes57, 58, 60-66 or metal-organic frameworks67 
decorated with azobenzene-like molecules68 are reported but 
very few regarding 4f complexes.69, 70  
This is the reason why we reacted an optically active 
azobenzene-like ligand (4-(Phenylazo)benzoic sodium salt, 
latter named “AZO”) that is able to bind DyIII ions via its 
carboxylate clamp, to dysprosium chloride. A dimer is obtained 
that forms a supramolecular chain of formula 
{[Dy2AZO6DMSO2(H2O)2]∙DMSO2}n (latter called DyAZO) via an 
H-bonds network. DyAZO and its yttrium-doped analogue 
(YDyAZO) are fully characterized on the structural and 
magnetic point of view. Optical and magnetic investigations of 
the photoswitched derivatives are performed on the solution 
and solid-states. 

Results and discussion 

Crystal structure description 

DyAZO is obtained as big orange needles (see experimental 
section). It crystallizes in the P-1 (N°2) space group (Table S1). 
The asymmetric unit is made of one Dy atom (Dy1) that is 
bound to three AZO ligands (two chelating and one bridging), 
one H2O molecule and one DMSO molecule. Two free DMSO 
molecules complete the asymmetric unit (Figure 1). In details, 
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each DyIII ion is coordinated by eight oxygen atoms: four 
oxygen atoms (O2, O5, O7 and O9) from two carboxylate 
clamps of two AZO ligands (acting as bidentate ligands) and 
two other oxygen atoms (O1, O8) from two AZO ligands (acting 
as bridging ligands). Finally, the coordination polyhedron of 
Dy1 is completed by one water molecule (O3) and one DMSO 
molecule (O4). The Dy-O distances are in the 
2.27(17)-2.48(18) Å range (Table S2). The coordination 
polyhedron symmetry is determined by Continuous Shape 
Measurement (CShM)71 as a very distorted bi-augmented 
trigonal prism (C2v) with CShM = 2.374 (Figure S1, Table S3). A 
dimeric unit is formed with a quite short Dy-Dy distance of 
4.58(21) Å. 

Figure 1. Representation of the dimer found in DyAZO (Dy, teal; O, 
red; C, grey; N, blue; S, yellow). Hydrogen atoms and free solvent 
molecules omitted for clarity. 

The AZO ligands are almost flat and the angle between the 
aromatic groups that belong to the same ligand are 3.77°, 
6.38° and 13.47°. The C-N and N-C bonds are almost parallel 
with torsion angles below 0.82° for C24N3-N4C42, 
C43N6-N5C30 and C34N1-N2C59, respectively (Figure S2). The 
AZO ligands are thus found in their trans-configuration. The 
bridging AZO ligands interacts with the chelating ones through 
intramolecular point-to-face CH-π interactions.72 The distances 
between the calculated position of the H atom and the 
centroid of the aromatic rings are 3.39(1) Å and 3.10(2) Å for 
the first and second ring, respectively.  

Figure 2. Representation of the supramolecular chain in DyAZO 
along the b (top) and c axis (bottom). Intermolecular H bonds as red 
dashed bonds. Free solvent molecules omitted for clarity.  

The AZO ligands that are not involved in the point-to-face CH-π 
interactions72 give intermolecular face-to-face π-π 
interactions72 with the respective ligand of the neighboring 
dimer (Figure S3). The average distance between the centroids 
of the aromatic rings is 3.63 (1) Å. The crystal packing shows 
also hydrogen bonds between the coordinated water molecule 
(O3) of one dimer and oxygen atoms (O7) of the neighbor 
(Figures 2 and S4). The overall picture is a chain of dimers 
connected by hydrogen bonds along the a axis (Figure 2). Both 
π-π interactions and hydrogen bonding network stabilize a 
chain-like supramolecular architecture. The shortest 
intermolecular Dy-Dy distance is 6.06 (2) Å. Finally, two 
crystallization DMSO molecules are also found in the crystal 
packing and lie in between the pseudo-chains. The overall 
formula of DyAZO compound is then 
{[Dy2AZO6DMSO2(H2O)2]∙DMSO2}n.  
In summary, DyAZO is a supramolecular chain of DyIII-dimers 
decorated with photo-isomerizable ligands. 

Static magnetic measurements 

The temperature dependence of the χMT product is depicted in 
Figure 3. At room-temperature, the value of χMT is 
27.26 cm3.K.mol-1, slightly lower than the theoretical value of 
two non-interacting DyIII (6H15/2 ground state and gj = 4/3, 
χMT = 28.34 cm3.K.mol-1). On cooling, the value of χMT 
decreases gradually and then drops rapidly below 50 K. This 
behavior is due to the depopulation of the Stark sublevels of 
±MJ states of the DyIII ion, and/or the antiferromagnetic 
interactions between the DyIII ions that can be either 
intramolecular and at a fewer extent intermolecular.1 The 
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magnetization at 2 K and 50000 Oe is close to 10 µB in line with 
what expected on a polycrystalline powder of DyIII-dimers.21, 73,

74

Figure 3. (left) Experimental (black dot) and calculated (red curve) 
temperature dependence of the χMT product for DyAZO and field 
dependence of the magnetization at 2 K in inset. (right) Orientation 
of the calculated easy magnetization axes for the ground state of 
the Dy3+ centers (Dy, teal; O, red; C, grey; N, blue; S, yellow).  

Ab initio calculation 

The electronic structure of DyAZO was further investigated 
with the help of multi-configurational wavefunction 
calculations (see computational details, Table S4, Figure S5). 
The nature of the ground state (GS) of the isolated Dy3+ 
centers results from a strong admixture by the crystal-field 
splitting of several MJ states of the 6H15/2 level. Indeed, the GS 
wavefunction of both centers corresponds to 66% of MJ 
=|±15/2>, 15% of |±11/2>, 6% of |±7/2>, and 5% of |±13/2> 
and |±9/2>. This strong admixture leads to a large reduction of 
the magnetic anisotropy of the Dy3+ ions, characterized by the 
calculated EPR g-factors g = 17.3 and g⊥ = 0.4. For 
comparison, a pure MJ = 15/2 Kramers doublet would generate 
g = 20.0 and g⊥ = 0.0. A relatively small energetic splitting of 
400 cm-1 is calculated for the entire 6H15/2 level, with two very 
low-lying excited states (ES) calculated at 34 and 47 cm-1 above 
the GS (see Table S4). The presence of these two ES allows 
rationalizing the calculated static magnetic properties shown 
in Figure 3. Despite a proper description of both the nature of 
GS and of the total energetic splitting of the 6H15/2 level, the 
presence of very low-lying ESs leads to a faster increase of the 
calculated χΜT with the increase of the temperature, when 
compared to the experimental data. Such discrepancy 
between theory and experimental data is not uncommon and 
corresponds to small deviations in the calculated energies and 
compositions of the crystal-field states.75 At low temperature, 
the decrease of the χΜT product is reinforced by a small 
intramolecular antiferromagnetic (AFM) interaction between 
the two Dy3+ ions. The calculated isotropic dipolar contribution 
(JisoDIP = (JxDIP + JyDIP + JzDIP)/3) of this AFM interaction was 
found of ca. -0.05 cm-1, and can be readily understood by the 
relative collinear orientation of the easy magnetic axes as 
shown in Figure 3. 

Dynamic magnetic measurements 

A significant signal in absence of external magnetic field 
(Hdc = 0) is observed on DyAZO but in a high frequency region. 
This fast relaxation requires using a homemade ac probe able 
to reach ac field frequencies up to 70 KHz. The magnetic 
relaxation observed is almost temperature independent 
(Figure 4) and is a signature of quantum tunneling of the 
magnetization (τ2K = 10 µs). The distribution of the relaxation 
times is comprised between α2K = 0.33 and α5.8K = 0.19 (Figures 
S6-S7, Tables S5-S6). The relaxing fraction RF, (the amount of 
the sample that is able to relax slowly) can be estimated as RF= 
1-(χs/χT) were χs and χT are the adiabatic and isotherm 
susceptibility respectively. For DyAZO, RF is comprised 
between 82% and 66%.  

Figure 4. Frequency dependence of the out-of-phase component of 
the magnetization measured on DyAZO with Hdc = 0 Oe, 1.6 K-7.6 K 
(top) and Hdc = 1200 Oe, 1.8 K – 5 K (bottom). 

Field dependence of the dynamic magnetic susceptibility 
shows that the optimum magnetic field for magnetic slow 
relaxation is Hdc = 1200 Oe (Figure S8), a common value for 
Dy-based SMMs.76 With this field, frequency dependence is 
observed in the 1.8 - 5 K temperature range in a standard 
frequency window (1 - 1500 Hz). Temperature dependence of 
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the magnetic relaxation is much more pronounced than in zero 
field, with distributions of α2K = 0.51 and α4.5K = 0.2 with slightly 
optimized RF that is comprised between 89% and 72% (Figures 
S9-S10, Tables S7-S8). 
In order to quantify the influence of the Dy-Dy magnetic 
coupling on DyAZO relaxation processes an isostructural 
YIII-doped sample (latter named YDyAZO) was prepared (Figure 
S11). Its effective formula, determined on the basis of EDS 
measurement is [Y1.89Dy0.11(AZO)6(DMSO)2(H2O)2]∙4DMSO and 
thus it presents an experimental doping ratio of 5.5%. This low 
Dy concentration ensures that most of the magnetic molecules 
are Y-Dy ones and not Dy dimers.  

Figure 5. Frequency dependence of the out-of-phase component of 
the magnetization measured on YDyAZO with Hdc = 0 Oe, 1.6 K - 5 K 
(top) and Hdc = 1200 Oe, 1.6 K - 5 K (bottom). 

Dynamic magnetic properties of YDyAZO were measured with 
Hdc = 0 and Hdc = 1200 Oe for easy comparison with DyAZO 
(Figure 5). The YIII doping efficiently suppresses zero-field fast 
relaxation (Figures S12-S14, Tables S9-S10) and relaxation 
times are slower than that of the pure compound. The 
distribution of the relaxation times increases (α2.3K = 0.6 and 
α4.2K = 0.14) but the percentage of relaxing fraction is 
significantly enhanced (99% - 80%). In field (Hdc = 1200 Oe), 
this feature evolves in a similar way (α3.5K = 0.11 and 
α4.7K = 0.07, relaxing fractions between 93 - 88%) (Figures 5, 
S15-S16 and Tables S11-S12). 

Relaxation times can be fitted using the following equation 
(Figure 6):77, 78 

τ-1= τdirect
-1+ τtunnel

-1 + τRaman
-1 + τOrbach

-1 (1)  
that gives: 
τ-1= τdirect

-1+ τtunnel
-1 + BTn + τ0

-1exp(-Ueff/kBT) 
where T, Ueff, B and n are the temperature, the energy barrier 
for spin reversal and the Raman parameters respectively. 

Figure 6. Relaxation times as a function of the temperature for 
DyAZO (filled symbols) and YDyAZO (empty symbols), measured 
with Hdc = 0 Oe (squares) and Hdc = 1200 Oe (circles). Red lines are 
the best fits discussed in the text. 

In order to avoid over-parametrization that is very likely to 
occur on such systems, we have measured the field 
dependence of τ-1 of DyAZO . However no reliable fit could be 
obtained and this excludes the presence of direct relaxation in 
DyAZO. 
Then, we have first fitted the in-field magnetic relaxation of 
the doped derivative YDyAZO (Hdc = 1200 Oe) considering only 
an Orbach relaxation (τ0 = 7.07 x 10-7 s, Ueff = 31.5 K). These 
values have been used as initial guess to fit Hdc = 0 Oe 
measurement of YDyAZO Hdc = 0 Oe. A tunneling relaxation 
that clearly occurs at low temperature (τ0 = 1.82 x 10-7s, 
Ueff = 34.0 K, τtunnel = 3.98 10-3 s) has been considered. With 
these values in mind, DyAZO Hdc = 1200 Oe, has been fitted 
and the addition of a Raman contribution to the relaxation has 
been necessary has commonly observed on Dy-SMMs77 
(τ0 = 1.07 x 10-6 s, Ueff = 27.9 K, B = 1.53 s-1.K-1, n = 3.50). Finally, 
on DyAZO Hdc = 0 Oe almost full tunneling is observed 
(τ0 = 5.25 x 10-6s, Ueff = 4.54 K, τtunnel = 1.35 x 10-5 s). 
On the basis of these values, it is clear that the fast relaxation 
observed on DyAZO is due to the Dy-Dy magnetic couplings 
but is also intrinsic to a given DyIII ion. This is confirmed 
theoretically with sizable calculated perpendicular EPR g-
factors for the GS and first ESs, and almost perpendicular (82°) 
easy magnetic axes between the GS and the first ES, both 
phenomena favoring quantum tunneling of the 
magnetization.79 Indeed, the diamagnetic substitution is not 
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enough to suppress all temperature independent relaxation in 
YDyAZO and external dc field is still necessary to reach a pure 
Orbach relaxation. 
Hysteresis loops were measured at 0.5 K on DyAZO and 
YDyAZO with a field sweep rate of 15.5 Oe.s-1 (Figure 7). No 
opening is seen on DyAZO but clear butterfly-like hysteresis is 
observed on YDyAZO, a curve shape that is commonly 
observed for Dy-SMMs.76 This hysteresis opening is ascribed to 
the suppression of the Dy-Dy magnetic couplings.80 However, 
as stated above, the doping is not enough to provide zero-field 
opening and zero-field fast relaxation remains intrinsic to a 
given DyIII ion. 

Figure 7. Hysteresis curves measured for DyAZO (black) and 
YDyAZO (red) at 0.5 K with a sweep rate of 15.5 Oe.s-1. 

This strong effect of the intramolecular LnIII couplings on the 
magnetic relaxation of Ln dimers is commonly observed.23, 24,

26, 27, 80-92 One can note that the effect of YIII doping on this 
supramolecular chain (weak Dy-Dy interaction) is opposed to 
what observed by us and others on strongly coupled 
DyIII-chains, where Dy-Dy couplings significantly enhance the 
magnetic relaxation of a given DyIII building block providing 
hysteresis with significant remnant magnetization.31, 93 

Isomerization and magnetic studies in solution 

Azobenzene-like ligands are known to undergo trans-cis 
isomerization under UV irradiation. In solid-state, 
isomerization was not observed on single-crystals of DyAZO, 
probably because of their very strong absorption. Therefore 
similar attempts were performed on 1,4-dioxane solution of 
DyAZO (1 x 10-5 mol.L-1, latter named DyAZO(liqu)). Indeed, 
good solubility is observed in this solvent with no evidence of 
complex dissociation (Figure 8). Two broad and very intense 
absorption bands at λ = 330 nm (π- π*) and λ = 440 nm (n- π* 
transition) characteristic of azobenzene derivatives were 
observed.51 These bands are red-shifted when compared with 
the uncoordinated ligand AZO (Figure S17). Upon UV 
irradiation at λ = 365 nm with an irradiance Ee = 2.40 mW.cm-2 
clear isomerization occurred and two isobestic points 

observed. Reversibility was obtained upon exposition to 
ambient light for one hour. 

Figure 8. UV/Vis absorption spectra of a 1,4-dioxane solution 
(1 x 10-5 mol.L-1) of DyAZO upon irradiation under UV light 
(λexc = 365 nm, irradiance Ee = 2.40 mW.cm-2) and after 1 hour at 
ambient visible light.  

Non-isomerized (trans) and isomerized (cis) DyAZO(liqu) 
solutions were characterized by dynamic magnetic 
susceptibility. On trans-DyAZO(liqu) out-of phase signals were 
observed but with no clear maximums in the 1 - 1500 Hz 
frequency windows. The application of the external field 
Hdc = 1200 Oe let the picture unchanged (Figure S18). Such 
degradation of the SMM properties when compared to 
solid-state is commonly observed46 and consequently only few 
examples of robust SMM behavior in solution are known.73, 94 
This could be due to different factors: i) The deformation of a 
given SMM as well as large geometric distribution in a sample 
upon solubilization ii) The evolution of the coordinated water 
molecule orientation when the supramolecular H-bonded 
chain-like structure is destroyed by solubilization. In fact, 
extreme sensitivity of water molecule orientation95, 96 or 
H-bonds on SMM behavior have been demonstrated.97 iii) The 
disappearance of the very small intermolecular dipolar 
interaction along the supramolecular chains that potentially 
enhanced SMM magnetic slow relaxation. This latter 
hypothesis is the less probable given the relative orientation of 
the DyIII anisotropy axes and large intermolecular distances 
discussed above. 
The cis-DyAZO(liqu) derivative has been characterized as well 
but unfortunately no clear evidence of a relaxation change 
upon isomerization was observed, possibly because these 
changes are visible only at very high frequencies (Figure S19). 
Accordingly, the slowly relaxing YIII doped analogues 
trans-YDyAZO(liqu) and cis-YDyAZO(liqu) were characterized 
(Figures S20-S21). Their magnetic signal is quite weak and 
noisy because of the very small amount of paramagnetic 
centers in these solutions. However, the Y doping does not 
improve sufficiently the magnetic relaxation to draw a 
definitive conclusion.  
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Conclusions 
We report here a supramolecular chain of Dy-dimers 
decorated with azobenzene ligands (DyAZO). The Dy dimers 
behave as SMMs and as soon as the Dy-Dy intermolecular 
couplings are cancelled magnetic relaxation is enhanced. 
Indeed, magnetic hysteresis at 0.5 K is visible on YDyAZO. To 
the best of our knowledge only few examples of a SMM 
decorated with photochromic ligands have been reported so 
far. They deal with the two most iconic 3d-SMMs, the Mn12

98 
and the Fe4.99 On both SMMs very small modifications of the 
magnetic relaxation upon trans-cis isomerization was 
observed. 100, 101,41 This could be due to their strong 
intermolecular couplings that are very slightly affected by the 
isomerization of the decorating ligands. Since 4f-SMMs are 
much more sensitive to small electrostatic changes in their 
surrounding an enhanced effect of the trans-cis isomerization 
could be expected on DyAZO. However, the absence of 
single-crystal to single-crystal isomerization forced us to work 
on 1,4-dioxane solutions. This solubilization induces an 
acceleration of the magnetic relaxation of DyAZO and YDyAZO 
that hampers the observation of magnetic relaxation 
modulation upon photo-isomerization. Consequently, our 
results suggest that Ln-SMMs with much more robust SMM 
behavior in solution need to be targeted in order to observe 
the switching of SMM behavior upon UV irradiation of 
photochromic ligands. 

Experimental 
Synthesis 
Solvents (Sigma), ligands (TCI chemicals) and lanthanides salts 
(AMPERE) were used as purchased. 0.3 mmol of 
azobenzene-4-carboxylic acid (HAZO) were deprotonated by 
one equivalent NaOH in distilled water. Then 0.1 mmol 
DyCl3∙6H2O salt was added to the aqueous solution and 
precipitation of an orange amorphous powder immediately 
occurs. The precipitates were filtered and washed with diethyl 
ether. In a second step, the dry precipitate was dissolved in the 
minimum amount of dimethylsulfoxide (DMSO). After ten days 
of slow evaporation at room-temperature, orange 
needle-shaped crystals of DyAZO were obtained (yield: 55%). 
The doped YDyAZO was synthesized using the same procedure 
with the starting salts DyCl3∙6H2O and YCl3∙6H2O in a 19:1 
molar ratio (yield: 45%). As commonly observed a discrepancy 
between theoretical and experimental YIII content was found 
as observed on EDS measurements.31 Elemental analysis calcd 
(%) for DyAZO, C82H70N12O16S2Dy2∙C4H12S2O2

 : C 51.01; H 4.08; 
N 8.30; found C 52.8; H 3.91; N 8.60.

Crystal structure determination 
A Single crystal was mounted on a APEX-II AXS-Bruker 
diffractometer equipped with a CCD camera and a 
graphite-monochromated MoKα radiation source 
(λ = 0.71073 Å), from the Centre de Diffractométrie (CDFIX), 
Université de Rennes 1, France. Data were collected at 150 K. 
Structure was solved with a direct method using the SIR-97 

program102 and refined with a full-matrix least-squares method 
on F2 using the SHELXL-97 program103 and WinGx interface.104 
Crystallographic data are summarized in Table S1. CCDC-
1950517 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The 
Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 

Powder X-ray diffraction 
Diffractograms have been collected using a Panalytical X'Pert 
Pro diffractometer with an X'Celerator detector. The typical 
recording conditions were 45 kV, 40 mA for Cu-Kα 
(λ = 1.542 Å), the diagrams were recorded in θ-θ mode in 
60 min between 5° and 75° (8378 measurements) with a step 
size of 0.0084° and a scan time of 50 s. The calculated patterns 
were produced using Mercury from CCDC. 

Magnetic measurements 
Magnetic dc-measurements were performed on polycrystalline 
sample embedded in grease to avoid in-field orientation of the 
crystallites. Low frequency (1 - 1500Hz) ac measurements 
were performed on a Quantum Design MPMS magnetometer 
from “Centre de Mesures Physiques” of ISCR. High frequency 
ac measurements (100 - 70000 Hz) were performed using a 
homemade probe operating in an Oxford cryostat105 from 
Laboratory of Molecular Magnetism (LaMM). All 
measurements were corrected for diamagnetic contribution 
with Pascal’s constants. 1 x 10-5 mol.L-1 solutions of DyAZO and 
YDyAZO were irradiated in a dark chamber equipped with a 
UV lamp (λexc = 365 nm) that provides an irradiance of 
Ee = 2.40 mW.cm-1. Total photo-isomerization was assessed on 
the basis of the UV/Vis measurements depicted on Figure 8. 
Measurements of solutions were corrected from sample 
holder contribution and diamagnetic contribution of the 
1,4-dioxane. 

Ab initio calculations 
As shown in Figure S5, the calculations were performed on a 
simplified structure of DyAZO where the six azobenzene-like 
ligands where simplified in order to decrease the 
computational cost of the WFT calculations. The hydrogen 
atom positions of the model compound were then optimized 
by using Kohn-Sham density functional theory (DFT) with the 
Amsterdam Density Functional (ADF106, 107) software package. 
This calculation utilized the scalar all-electron zeroth-order 
regular approximation (ZORA108) along with the spin-
unrestricted formalism. The PBE109 functional (Perdew-Burke-
Ernzerhof) from the generalized gradient approximation, was 
employed along with the triple- ζ polarized Slater-type orbital 
(STO) all-electron basis set with two sets of polarization 
functions for all atoms (TZ2P110). 
The wavefunction theory (WFT) calculations were performed 
with the help of the Molcas 8.0.111 In these calculations, the 
complete active space self-consistent field112 (CASSCF) 
approach was used to treat the static correlation effects 
arising from the partially filled 4f shell of the Dy3+ ion. The 
second-order Douglas-Kroll-Hess113 scalar relativistic (SR) 

http://www.ccdc.cam.ac.uk/data_request/cif
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Hamiltonian was used to treat the scalar relativistic effects in 
combination with the all-electron atomic natural orbital 
relativistically contracted (ANO-RCC) basis set from the Molcas 
library.114-117 The basis sets were contracted to the triple- ζ 
plus polarization (TZP) quality for the Dy, O and bridging C 
atoms (Dy = 25s22p15d11f4g2h/8s7p4d3f2g1h; O, C = 
14s9p5d3f2g/4s3p2d1f), to the double- ζ plus polarization 
(DZP) quality for the S atoms (S = 17s12p5d4f2g/4s3p1d) and 
to the double- ζ quality for the C and H atoms (H = 
8s4p3d1f/2s; C = 14s9p5d3f2g/3s2p). The calculations 
employed the state-averaged formalism at the SR level by 
taking into account the 21 sextet, the 224 quartet and the 490 
doublet spin states arising from the 9 electrons spanning the 
seven 4f orbitals (i.e. CAS(9,7)). The spin-orbit coupling (SOC) 
was then introduced within a state interaction among the 
basis of calculated SR states using the restricted active space 
state interaction (RASSI) approach.114 Herein the SOC matrix is 
diagonalized using the calculated 21 SR sextet, 224 SR quartet 
and the 98th lowest SR doublet spin states. The EPR g-factors 
were calculated according to Reference 118 as implemented in 
the RASSI module of Molcas, whereas the magnetic 
susceptibility and magnetization calculations were performed 
using the Single-Aniso and Poly-aniso modules of Molcas as 
detailed in Reference.119 
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