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The 1 : 1 : 1 reaction of YbCl3·6H2O, K3[Co(CN)6] and bpyO2 in H2O has provided access to a complex with

formula [YbCo(CN)6(bpyO2)2(H2O)3]·4H2O (1) in a very good yield while its structure has been determined

by single-crystal X-ray crystallography and characterised based on elemental analyses and IR spectra.

Magnetic susceptibility studies showed the complex to be a field induced single molecule magnet, as

confirmed by µ-SQUID measurements. CASSCF calculations confirm the existence of a mJ = 7/2 ground

state, with rather large transverse components, responsible for the fast relaxation characteristic of com-

pound 1 at zero DC field, which is reduced upon application of DC fields. Moreover, a combination of

luminescence studies along with CASSCF calculation allows the identification of the band structure of the

complex, which is ultimately related to its electronic properties. Compound 1 operates as a luminescent

thermometer in the 125–300 K range with a maximum relative thermal sensitivity of ≈0.1% K−1 at 180 K.

Introduction

In the middle of the last decade,1 an impressive outburst of
interest occurred in the scientific community for light-emitting
micro and/or nanomaterials acting as remote temperature
sensors at nanoscale where classical thermometers failed to
operate.2–6 Since that time, many diverse scientific fields are
influenced by luminescence thermometry such as in vivo and
in vitro sensing in biomedicine,7–13 magnetism,14–27

catalysis,28,29 and microelectronics.30,31

In the field of molecular magnetism,32,33 the phenomenon
of luminescence in Single Molecule Magnets (SMMs) is of
great importance for a detailed investigation of the underlying
mechanisms of the magnetisation relaxation in mononuclear,
dinuclear and/or heteronuclear lanthanide(III) complexes.22,27

High resolution temperature dependent photoluminescence
studies can, in principle, determine spectroscopically the Stark
sublevels of the Ln(III) ions and provide a direct comparison
with those derived from magnetic and theoretical ab initio
studies.14–27,34–38 A promising and quite exciting research area
is covering the phenomenon of SMM luminescence thermome-
try where the slow magnetic relaxation characteristics of the
lanthanide are combined with its luminescence properties to
provide the next generation of thermometers able to monitor
temperature changes in real-time during the operation of the
electronic device.5,16,22 Replacing conventional contact-type
thermometers with luminescent SMM-based devices seems to
be the key to understanding: (a) the principles and laws of the
heat generation in devices; and (b) the effective monitoring of
the temperature during the operation of the device without
perturbing the system.5 An ideal situation for an SMM lumine-
scence thermometer is to provide an overlap of the two pro-
perties, magnetic and optical, in the working temperature
offering the unique opportunity for monitoring the tempera-
ture in a contactless way at low temperatures in which the mag-
netic behaviour of the SMM molecule as well as spectral
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Anticipating that the blending of the [Co(CN)6]
3 linker

with the bpyO2 ligand would efficiently sensitise the NIR emis-
sive Yb(III) ion, we pursued our research efforts for the syn-
thesis and physicochemical study of the Yb(III)/Co(III) hetero-
dinuclear compound as a potential SMM Luminescent
thermometer.

Experimental
Materials, physical techniques and spectroscopic methods

All manipulations were performed under aerobic conditions.
YbCl3·6H2O, K3[Co(CN)6] and bpyO2 were purchased from
commercial sources. Elemental analyses were performed by
the University of Patras microanalytical service. FT-IR spectra
(4000–450 cm 1) were recorded using a PerkinElmer 16PC
spectrometer with samples prepared as KBr pellets.

Magnetic measurements

The magnetic susceptibility data for 1 was collected using a
Quantum Design MPMS®3 and MPMS-XL SQUID magnet-
ometers on polycrystalline samples in the range of 2–300 K
with applied fields (H) ranging from 0 to 5 kOe. AC data was
collected using an oscillating magnetic field of 3.5 Oe and fre-
quencies between 1 and 1.5 kHz. DC data were corrected for
diamagnetic contributions from the eicosane and core dia-
magnetism employing Pascal’s constants.4 Low temperature
(0.03–2 K) magnetisation measurements were performed on
single crystals using a µ-SQUID apparatus at different sweep
rates between 0.002 and 0.280 T s 1. The time resolution is
approximately 1 ms. The magnetic field can be applied in any
direction of the µ-SQUID plane by separately driving three
orthogonal coils. The magnetic field was applied parallel to
the easy axis of magnetisation employing the transverse field
method.

Luminescence measurements

The photoluminescence spectra in the NIR spectral range were
recorded with a modular double grating excitation spectro-
fluorimeter with a TRIAX 320 emission monochromator
(Fluorolog-3, Horiba Scientific) coupled to a H9170
Hamamatsu photomultiplier, using a front face acquisition
mode. The excitation source was a 450 W Xe arc lamp. The
temperature was varied using a helium-closed cycle cryostat, a
vacuum system (4 × 10 4 Pa), and an autotuning temperature
controller (Lakeshore 330, Lakeshore) with a resistance heater.
All the measurements began at least 300 s after the tempera-
ture indicated in the temperature controller remained con-
stant, thus ensuring the thermalization of the samples and
constant temperature during the measurement.

Preparation of [YbCo(CN)6(bpyO2)2(H2O)3]·4H2O (1)

The organic ligand bpyO2 (15.0 mg, 0.07 mmol) was dissolved
in 0.6 mL of warm distilled H2O and a pale yellow solution was
obtained. Subsequently, solid YbCl3·6H2O (27.0 mg,
0.07 mmol) was added to the former solution to obtain solu-

changes are revealed.16 Having in mind that thermally acti-
vated mechanisms of magnetisation relaxation may affect the 
luminescence properties of an individual SMM molecule in 
various ranges of temperature, the thermal probing capabili-
ties of the luminescent SMM-based device can be expanded at 
higher temperatures. Another exciting feature of these devices 
is the optomagnetic sensitivity due to the conservation of the 
luminescent thermometer properties under the application of 
external magnetic fields.15,16

It has been well documented that the derivatives of hetero-
cyclic ligands bearing N-oxide functions sensitise efficiently 
the emission of Ln(III) ions upon UV radiation.39,40 More expli-
citly, it was found that there is a profound influence of the 
2,2′-bipyridine-N,N′-dioxide (bpyO2)

40–42 ligand, replacing the 
two aqua ligand molecules, in the inner sphere of a Eu(III) 
complex [Eu(hfac)3(H2O)2] where hfac = hexafluoroacetylace-
tonate(−1) ligand. A 15-fold increase of the quantum yield has 
been reported for the complex [Eu(hfac)3(bpyO)2] indicating 
that the ancillary bpyO2 ligand provided excellent sensitisation 
being solely responsible for the of the total energy transfer.

Inspired by previous works, we decided to investigate the 
phenomenon of SMM luminescent thermometry using the 
blending of CN /bpyO2 ligands on heterometallic 3d/4f-metal 
complexes. In order to succeed in this, we used the red-emis-
sive octahedral diamagnetic [(CoCN)6]3 linker as an alterna-
tive source for effective energy transfer to 4f-metal ions. 
Following this strategy we have recently reported a new multi-
functional hetero-dinuclear compound [DyCoIII(CN)6-
(bpyO2)2(H2O)3]·4H2O,

43 exhibiting both SMM magnetic pro-
perties and temperature-dependent photoluminescent charac-
teristics. High resolution optical studies revealed a maximum 
thermal sensitivity of 1.84% K 1 at 70 K, which is higher than 
the acceptable sensitivity boundary of 1% K 1 for high per-
formance luminescence thermometers in a broad range of 
temperatures between 40–140 K. Magnetic studies showed 
slow relaxation upon application of a DC field. Replacing the 
CoIII metal ion with the FeIII ion, we managed to isolate the 
isomorphous antiferromagnetic coupled Dy–Fe pair,
[DyFeIII(CN)6(bpyO2)2 (H2O)3]·4H2O

43 featuring SMM pro-
perties but unfortunately its emission is governed by the 
bpyO2 ligand due to the quenching of the external carriers in 
the FeIII ion. Finally, two isomorphous and structurally charac-
terised heterodimers have been reported, of the type 
[LnFeIII(CN)6(bpyO2)2(H2O)3] where (Ln = Sm, Gd).44,45 The 
abovementioned heterodimers enrich the small family of 
homometallic40,42,46 or heterometallic41,44,45 complexes where 
the LnIII centre is coordinated to bpyO2 molecules. Recently, 
Chorazy et al.27 reported the magnetic and luminescent 
characterisation of emissive [YbIII(bpyO2)4]

3+ SMMs by the crys-
tallisation with (thio)-cyanidometallate counterions. The SMM 
behaviour in the whole family is mainly dominated by the 
Raman relaxation and is dependent on the (thio)cyanido coun-
terion. Quite interestingly, the ab initio theoretical study con-
firmed the optically estimated value of the energy gap (ΔE > 
120 cm 1) of the two lowest-lying Kramers doublets indicating 
the lack of an Orbach relaxation.



in the coordination sphere of the transition metal ion leading
to coordination spheres of {LnIIIO7N} and {CoIIIC6}. The bond
lengths CoIII–C [1.881(5)–1.907(5) Å] indicate that the CoIII is a
low-spin 6-coordinate metal ion.50,51 The YbIII–O/N bond dis-
tances [2.246(3)–2.424(4) Å] for compound 1 are in the typical
ranges for lanthanide complexes containing 8-coordinate YbIII

ions.14,17,24,27,35 Concerning the bond lengths between carbon
and nitrogen of the cyano groups, the range is 1.132(6)–1.157
(6). A skew 7-membered chelating ring is formed between the
bpyO2 ligand and the YbIII centre. There is a slight lengthening
of the nitrogen–oxygen of the pyridine-N-oxide moieties of the
bpyO2 ligand from 1.302(2) Å (which corresponds to the free
bpyO2 ligand)52 to 1.328(5)–1.341(4) Å denoting the coordi-
nation of the ligand to the lanthanide ion.

In the IR spectra of compound 1 there are two strong bands
at ∼3300 and ∼3100 cm 1 due to the ν(OH) vibration of the
lattice and coordinated H2O molecules, respectively53 while
the δ(OH) vibration of H2O appears at ∼1650 cm 1. The broad-
ness of the bands suggests the existence of H-bonding inter-
actions between the H2O molecules. The stretching vibrations
of the heterocyclic rings of coordinated bpyO2

42 appear in the
1560–1420 cm 1 region slightly shifted compared to those of
free bpyO2. The band at 1218 cm 1 is assigned42 to the ν(N–O)
vibration (shifted from the value of 1260 cm 1 observed for the
free ligand) indicating the O,O′-coordination of the ligand. The
strong band at 2124 cm 1 in the spectra of 1 is assigned54 to
the ν(CuN) mode of the terminal C-bonded cyano ligands.
Two ν(CuN) bands are expected since one of the cyano groups
is in bridging mode. The band for the bridging cyano group is
situated at a higher wavenumber than for the terminal cyanido
groups.54 In our case, this band is observed in the spectra at
2157 cm 1 and it is assigned to the ν(CuN) mode of the brid-
ging cyanido group (Fig. S1†).

The coordination geometry of the Co(III) ion in the heterodi-
nuclear complex is octahedral, where the trans C–CoIII–C
angles are in the range 177.0(4)–179.0(2)° and the bond angle

Fig. 1 Partially labelled plot of the structure of the molecule [YbCo
(CN)6(bpyO2)2(H2O)3] in the crystal of compound 1·4H2O.

tion 1. Furthermore, K3[Co(CN)6] (23.0 mg, 0.07 mmol) was 
dissolved in 0.6 mL distilled H2O in order to obtain solution 2. 
Then, solution 2 was added to solution 1 under mild stirring. 
The resulting pale-yellow solution was stored in a closed vial at 
room temperature. In a period of 24 h X-ray quality, white 
needle shaped crystal appeared. The final product was col-
lected via filtration. Typical yields were in the range of 45–55%
(based on the bpyO2 available). The same complex is obtained 
from the stoichiometrically “correct” YbIII : CoIII : bpyO2 1 : 1 : 2  
reaction ratio (IR and microanalytical evidence).

Analytical data calculated for C26H16CoN10O11 Yb (found 
values are in parentheses): C 35.63 (35.27), H 1.84 (1.99), N 
15.98 (15.81) %. IR bands (KBr, cm 1): 3380s, 3126s, 3097w, 
3083w, 2165w, 2123s, 1654m, 1475s, 1446m, 1427s, 1319w, 
1295w, 1259s, 1245s, 1220s, 1160w, 1124w, 1106w, 1052w, 
1033m, 881w, 858m, 838m, 782s, 773s, 732w, 717w, 636w, 
593m, 578m, 561w, 536m, 518m, 487w, 449w, 422w.

For the magnetic and optical studies, single crystals of the 
product were used which were carefully powdered prior to 
measurements.

Single crystal X-ray crystallography

Single crystal X-ray diffraction data were collected on an 
Oxford-Diffraction Supernova diffractometer, equipped with a 
CCD area detector utilizing Mo-Kα (λ = 0.71073 Å) radiation. 
Suitable crystals were attached to glass fibres using paratone-N 
oil and transferred to a goniostat where they were cooled for 
data collection. Empirical absorption corrections (multi-scan 
based on symmetry-related measurements) were applied using 
CrysAlis RED software.47 The structures were solved by direct 
methods with SHELXT48 and refined on F2 using full-matrix 
least squares with SHELXL-2014/7.48 Software packages used: 
CrysAlis CCD for data collection,47 CrysAlis RED for cell refine-
ment and data reduction,47 and WINGX for geometric calcu-
lations.49 The non-H atoms were treated anisotropically, 
whereas the H atoms were placed in calculated, ideal positions 
and refined as riding on their respective carbon atoms. Unit 
cell parameters and structure solution and refinement data for 
Yb/Co are listed in Table S1.†

Results and discussion
Crystal structure

The crystal structure of [YbCo(CN)6(bpyO2)2(H2O)3]·4H2O (1), 
was determined by single-crystal X-ray crystallography and the 
structural plot of compound 1 is shown in Fig. 1 while crystal-
lographic data are shown in Tables S1 and S2.† The complex 
crystallises in the triclinic P1̄ space group while a molar ratio 
1 : 4 exists between the heterodinuclear [YbCo 
(CN)6(bpyO2)2(H2O)3] molecule and the lattice solvent H2O 
molecules. The bridging between the Ln(III) and Co(III) centres 
in the dinuclear molecule is succeeded by a cyano group (Ln–
NuC–M). The 8-coordination at LnIII is completed by two O, 
O′-bidentate chelating bpyO2 molecules and three aqua 
ligands, while there are five terminal C-bonded cyano groups



can be observed, the room temperature value of χMT for com-
pound 1 is 2.65 cm3 mol 1 K very close to the expected for an
isolated Yb(III) ion, i.e. 2.57 cm3 mol 1 K (2F7/2, J = 7/2, g = 8/7).
Upon decreasing temperatures, the χMT (T ) profile decreases
continuously reaching a minimum value of 1.93 cm3 mol 1 K
at the lowest temperature (2 K). The decrease observed in the
χMT (T ) data can be attributed to the depopulation of crystal
field levels. Furthermore, the saturation value of M, at 7 T, is
2.15μB implying an mJ = ± 7/2 ground state.

In order to determine whether compound 1 possess slow
relaxation dynamics, alternating current (AC) magnetic suscep-
tibility studies were carried out employing an oscillating field
of 3.5 Oe. No SMM behaviour was observed at zero DC field,
indicating fast relaxation in the complex; however, a clear
SMM behaviour was identified upon application of a DC field.
Fig. 2a and b show the temperature χ″M(T ) and the frequency
dependent out-of-phase magnetic susceptibility χ″M(ν) upon
application of 1.25 kOe DC field, respectively while in Fig. S4
and S5† is shown the temperature χ′M(T ) and the frequency
dependent magnetic susceptibility χ′M(ν) upon application of
the same DC field. In the χ″M(T ) a frequency dependent
maximum at ca. 5.5 K (1512 Hz) is observed, while in the
χ″M(ν) a maximum is defined ranging between 2.0 and 5.2 K.
Upon increasing temperatures, the χ″M(ν) maximum shifts
towards higher frequencies, indicating the temperature depen-
dent regime. Extraction of τ(T ) by fitting the Cole–Cole plot to
a single process, in the temperature range where the

Fig. 2 (a) Experimental χ’’M(T ) HDC = 1.25 kOe; (b) χ’’M(ν) with HDC = 1.25 kOe. (c) Cole plots (χ’’M(ν) vs. χ’M(ν)) showing a single relaxation process (d)
τ vs. 1/T plots of AC data at zero field and Arrhenius treatment for AC data. Solid lines in panel (b) and (c) are the fit to a single Debye process for
compound 1, while in (d) the solid line represent the τ(T ) considering the Raman process: τ−1 = CTn.

Co–CuN [177.0(4)–178.7(5)] presents minor deviation from 
linearity. In order to investigate the coordination polyhe-
dron around the YbIII centre, the SHAPE55 software was 
used, and it was found that the triangular dodecahedron is 
the ideal polyhedron (Table S3†). The calculated Yb–NuC 
angle of ∼165.9°, denotes a significant bending of the interme-
tallic cyano bridge which is direct evidence of the steric hin-
drance on YbIII created from the two bpyO2 ligands. The hetero-
dinuclear molecules are inter-connected through a rich hydro-
gen network between the lattice H2O molecules  and the  five  
terminal cyano groups of the {CoIII(CN)6}3 moieties creating a 
3D robust architecture consisted of 2D pseudo layers parallel to 
the ab plane (Fig. S2a†) which are further connected through 
hydrogen bonding and π⋯π stacking interactions with adjacent 
layers in the c direction (Fig. S2b†). The water lattice molecules 
are filling the interlayer space and participate in H bonds with 
their O atoms (both donors and acceptors) while the co-
ordinated H2O molecule form two H bonds with the donor O 
atom.

Magnetic measurements

The investigation of the magnetic characteristics of compound 
1 was carried out in a SQUID magnetometer employing a poly-
crystalline powdered sample. Fig. S3† shows the χMT (T ) static 
magnetic susceptibility for compound 1 in an applied mag-
netic field of 1 kOe (χM is the molar magnetic susceptibility) 
and the molar magnetisation as function of field (M(H)). As



maximum occurs, and fitting the τ(T ) considering the Raman
and Orbach processes employing eqn (1):

τ 1 ¼ CT n ð1Þ

Yb(III) ion, whilst VDZP quality was used for atoms directly
bound to the Yb(III) ions, and VDZ quality for the remaining
atoms. The molecular orbitals (MOs) were optimised in state-
averaged CASSCF calculations. The active space was defined by
the thirteen 4f electrons in the seven 4f orbitals of Yb(III). With
7 roots were included for S = 1/2, (RASSCF routine). The wave-
functions obtained from these CASSCF calculations were pos-
teriorly mixed by spin–orbit coupling, employing the RASSI
routine. Finally, the crystal field decomposition of the ground
J = 7/2 multiplet of the 2F7/2 term was executed with the
SINGLE_ANISO module.57 The simulations obtained employ-
ing the CASSCF results are shown as solid lines in Fig. S3.†

A ground doublet state with g values gx = 0.1627, gy =
0.1868, and gz = 7.6755, was found, indicating some axiality in
compound 1, with considerable rhombic anisotropy. The first
excited state is found to lie at 347 cm 1 with the second
excited state at 443 cm 1 and the third excited state at
514 cm 1. The main magnetic axis (z) on the Yb(III) ion is indi-
cated in Fig. 4 by the orange arrow. It is important to highlight
that the magnitude of the energy barrier obtained for com-
pound 1 is lower than the separation between the first excited

Fig. 3 (a) µ-SQUID loops obtained from single crystals measurements of compound 1 at a fix field-sweep rate of 64 mT s−1 and (b) the temperature
dependence at a based temperature of 30 mK.

Fig. 4 Direction of the principal axis of the g-tensor in the ground
Kramer doublet of compound 1. Colour code: Co, cyan; Yb, green; O,
red; C, black; N, pale blue. Hydrogens omitted for clarity.

leads to the following parameters: C = 0.0036(1) s 1 K n, n = 
7.18(2) and 0.28(1) > α > 0.04(3) indicating a relatively wide dis-
tribution of processes and fast relaxation (Fig. 2d). Although 
the n value is smaller than the expected n = 9 for Kramers 
ions, values of n as low as 2 have reported for Yb(III) field 
induced SIMs.56 Note that the relaxation dynamics is charac-
terised by the Raman processes, thus, inducing fast relaxation, 
as observed at zero field. Application of a DC field, brings the 
systems out of the fast relaxation regime, thus, revealing the 
SMM character of compound 1.

To confirm the observed slow relaxation characteristics of 
compound 1, µ-SQUID studies were performed down to 30 mK 
and with field sweep rates ranging from 1 to 64 mT s 1. For  
this, single crystals of compound 1 were measured in a µ-
SQUID array with the field aligned along the easy axis of the 
crystal. The field was applied along the easy axis of the crystal 
employing a 3D vector magnet and the transverse field 
method. The so-collected loops revealed a waist-constricted 
typical loops commonly observed in single-ion lanthanide-
based SMMs (Fig. 3). The loops are temperature and sweep-
field dependent and exhibit a small opening at the lowest 
temperature and fastest scan rates, with a sharp transition at 
zero field, characteristics of strong Quantum Tunnelling of the 
Magnetisation (QTM). The observed behaviour is consistent 
with the AC susceptibility studies, where no SMM behaviour 
was observed at zero DC field, whilst upon application of a DC 
field revealed the SMM character in compound 1.

Ab initio calculations

Further insight into the magnetic characteristic of compound 
1 was gained via ab initio calculations employing the CASSCF/
SO-RASSI/SINGLE_ANISO approach implemented in the 
OpenMolcas package.57–59 The crystal structure of compound 1 
was employed without further optimisations with the atoms 
being described by the standard basis sets from the ANO-RCC 
library.57–59 A basis set of VTZP quality was employed for the



which might indicate very small intermolecular interactions at
such high temperatures (<0.01 cm 1, from a point dipolar ana-
lysis). In this regards, µ-SQUID is more suitable for the detec-
tion of such small interaction. However, as observed in Fig. 3,
the µ-SQUID loops do not exhibit the typical waist restricted
loops characteristic of antiferromagnetically coupled systems.
Hence, we conclude that any intermolecular interaction is too
small to be sizable in µ-SQUID (in temperatures as low as
30 mK) and therefore would be unnoticeable in the experi-
mental χMT data (with temperatures above 2 K).

Luminescence measurements

The room-temperature emission spectra of compound 1,
under 315 nm excitation, reveals the characteristic lumine-
scence of Yb3+ in the near-infrared range ascribed to the 2F5/2
→ 2F7/2 transition (Fig. 5a). Due to the crystal field splitting of
the 2F5/2 and 2F7/2 levels, the emission spectra (16–300 K) are
deconvoluted into 8 Kramers doublets, as exemplified in
Fig. 5b for the spectrum recorded at 16 K. The transitions were
identified considering the results of the theoretical studies
mentioned above and the corresponding energy level scheme
is shown in Fig. 5c where the higher energy line involves the
first excited Kramers doublet of the 2F5/2 multiplet (R2) and

Fig. 5 (a) Emission spectra of compound 1 in the region of the 2F5/2 → 2F7/2 transition under 315 nm excitation for selected temperatures. (b)
Emission spectrum (acquired at 16 K) with a multi-Gaussian functions envelope fit [r2 > 0.99] (open circles) and the components (orange/green sha-
dowed Gaussians) arising from the ground (R1) and first (R2)

2F5/2 Kramers doublets to the 2F7/2 multiplet (X1–4). (c) Simplified energy level diagram.
(d) Temperature dependence of the thermometric parameter. The line represents the best fit [r2 > 0.96] to the data using eqn (2). The shadowed
areas mark the regions in which the thermometer is out of the operating range.

state and the ground state obtained from CASSCF calculation, 
which indicates an under-barrier process.60 Considering the 
average matrix elements of magnetic moment between the 
electronic states, it can be seen that relaxation is readily poss-
ible at the ground and through excited states, hence, the fast 
relaxing characteristics of compound 1.

It should be noted here that it was not possible to simulate 
the significant decrease of the experimental χMT for tempera-

tures lower than 30 K. Similarly, there are visible differences 
between the experimental and calculated M(H). These differ-
ences could be a consequence of depopulation of the crystal 
field levels and solvent and/or packing effects, not taken into 
account by CASSCF due to the limitations of these calculations 
which are performed in the gas phase, i.e. considering a per-
fectly isolated molecule, without neighbouring molecules. 
Experimentally, however, neighbouring complexes, as well as 
solvent molecules might induce some distortion and effects 
not considered in the calculation, hence producing some 
small differences between the experimentally obtained data 
and the theoretical traces.

The possibility of dipolar intermolecular antiferromagnetic 
interactions has been ruled out since the closest Yb(III)⋯Yb(III) 
contact in the crystal packing of compound 1 is of 7.983 Å,



Δ ¼ I2
I1

¼ Δ0

1þ αe
ΔE

kBT
; ð2Þ

sensing performance. The smart engineering of SMM lumines-
cent devices requires the establishment of comprehensive
guidelines able to explain and predict their thermometric
behaviour.65,66
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the predicted and measured energies is obtained.
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2F5/2 → 2F7/2 lines to define the thermometric parameter Δ, we  
consider Δ = I2/I1, where I2 and I1 are the integrated intensities 
of the four transitions originated from R2 and R1, respectively 
(Fig. 5c). Fig. 5d shows the temperature dependence of the 
thermometric parameter, which can be well described by the 
classical Mott-Seitz model involving one deactivation 
channel:61

where kB is the Boltzmann constant, T the absolute tempera-
ture, Δ0 the thermometric parameter at T = 0 K,  α the ratio 
between the nonradiative and radiative transition probabil-
ities, and ΔE the activation energy for the thermal quenching 
process. Fitting the temperature dependence of the experi-
mental Δ values to eqn (2) yields Δ0 = 0.91 ± 0.01, B = 0.6 ± 0.2, 
and ΔE = 267 ± 53 cm 1.

Below 125 K and above 275 K, the Δ values change within 
the error meaning that for these temperature ranges the 
thermometer is out of the so-called operating range. The per-
formance of the thermometer was evaluated using the relative 
thermal sensitivity (Sr) and the temperature uncertainty (δT )
(Fig. S6†). The temperature dependence of Sr presents a 
maximum value of ≈0.1% K 1 at 180 K, the corresponding 
minimum δT is ≈4 K, Fig. S5.† Such a low Sr value is expected 
as the thermometric parameter considers the intensities of 
two Kramers doublets.24,62 Moreover, although there are two 
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same order of magnitude of that presented here (≈0.15% K 1 

at 300 K) was reported in the third known example.17

Conclusions

We reported a new multifunctional hetero-dinuclear com-
pound [YbCoIII(CN)6(bpyO2)2(H2O)3]·4H2O (1), featuring SMM 
magnetic properties and temperature-dependent photolumi-
nescent characteristics. AC studies show compound 1 to be a 
field induced SMM upon application of a DC field, while µ-
SQUID measurements reveal field and temperature dependent 
loops, characteristics of SMMs. The reasoning for the fast 
relaxation dynamics at zero field was rationalised by CASSCF 
calculations, indicating that transverse components are rather 
important for promoting relaxation. Luminescence studies 
agree with CASSCF calculations, while the SMM character and 
luminescent characteristic of compound 1 makes it an inter-
esting system for optospintronic applications.63,64 This work 
introduces a new example to the scarcely explored field of 
SMM luminescence thermometry despite its relatively low ther-
mographic performance. The optimization of the thermo-
metric features is usually achieved through a serendipity 
approach, but it still appears difficult to accurately predict the
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