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1. Structural Characterization

Table S1. Main bond distances (A) and angles (°) for 1-2H,0 and 2-CHCls.

Table S2. Distances (A) of the nitrogen and dysprosium atoms form the mean calculated Ne

plane.

Bond 1-2H,0 2-CHCl;
Dy1-021 2.4261(10) 2.4239(19)
Dy1-022 2.4896(10) 2.398(2)
Dy1-031 2.3855(10) 2.4349(19)
Dy1-032 2.4264(10) 2.4588(18)
Dy1-N6 2.5825(12) 2.585(2)
Dy1-N1 2.6414(12) 2.597(2)
Dy1-N2 2.6073(12) 2.613(2)
Dy1-N3 2.6000(12) 2.601(2)
Dy1-N4 2.6497(12) 2.632(2)
Dy1-N5 2.6242(12) 2.613(2)
021-Dy1-022 | 52.96(3) 54.23(7)
031-Dy1-032 | 54.39(3) 53.57(6)
N1-Dy1-N4 179.32(3) 178.13(7)

Bond 1-2H,0 2-CHCl3
N1 0.008 0.033
N2 0.496 0.727
N3 0.496 0.763
N4 0.001 0.033
N5 0.501 0.730
N6 0.507 0.760
Dyl 0.012 0.008




Table S3. SHAPE v2.1. Continuous Shape Measures calculation (c) 2013. Electronic Structure

Group, Universitat de Barcelona.

Label Description

DP-10 1 D10h Decagon

EPY-10 2 C9v Enneagonal pyramid

OBPY-10 3 D8h Octagonal bipyramid

PPR-10 4 D5h Pentagonal prism

PAPR-10 5 D5d Pentagonal antiprism

JBCCU-10 6 D4h Bicapped cube J15

JBCSAPR-10 | 7 D4d Bicapped square antiprism J17

JMBIC-10 8 C2v Metabidiminished icosahedron J62

JATDI-10 9 C3v Augmented tridiminished icosahedron J64

JSPC-10 10 C2v Sphenocorona J87

SDD-10 11 D2 Staggered Dodecahedron (2:6:2)

TD-10 12 C2v Tetradecahedron (2:6:2)

HD-10 13 D4h Hexadecahedron (2:6:2) or (1:4:4:1)
1-:2H,0

Structure [ML10]

JBCSAPR-10
3.856,
2-CHCl3

Structure [ML10]

JBCSAPR-10
2.967,

JMBIC-10
6.885,

JMBIC-10
7.570,

OBPY-10
15.151,
JSPC-10
3.140,

PPR-10

11.130,
SDD-10
2.451,

DP-10  EPY-10
36.909, 25.708,
JATDI-10
19.853,

PPR-10

12.874,
SDD-10
5.164,

DP-10

36.042,

JATDI-10
19.789,

EPY-10 OBPY-10
24.774, 15.126,

JSPC-10
3.215,

PAPR-10

11.323,
TD-10
2.279,

PAPR-10

12.309,
TD-10
4.285,



Table S4. Crystal data and structure refinement for 1:2H,0 and 2-CHCls.

1-2H,0 2:CHCl3
Empirical formula C22H28DYN7Os Ca5H29ClsDYN70;
Molecular weight 697.01 808.40
Crystal system Triclinic Triclinic
Space group P-1 P-1
Wavelength (A) 0.71073 0.71073

Crystal size (mm3)
Colour, shape

T (K)

a (A)

b (A)

c(A)

a(9)

B9

7 (9)

Volume (A3)

V4
Absorpt. coef. (mm™)
Reflections collected

Independent reflections
Data / restrains / param.
Final R indices [/I>20(/)]

R indices (all data)

0.150 x 0.080 x 0.040

Colourless, needle

100
8.9995(6)
11.4256(8)
13.7184(10)
74.867(2)
79.263(2)
75.331(2)
1306.33(16)

2
2.924
51079

6465 [Rin: = 0.0247]

6465 /0/370
R1 =
wR; =0.0331
R1 =
wR, =0.0335

0.0127;

0.0134;

0.130x 0.090 x 0.080
Prism, yellow

100

9.8809(5)

9.9771(5)

16.8451(8)
106.028(2)
102.983(2)

96.511(2)
1527.75(13)

2
2.763
54786

7577 [Rint = 0.0498]
7577 /0/ 390

R1 =
wR; = 0.0547
R1 =
WR; = 0.0566

0.0265;

0.0325;
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Fig. S1. IR spectra for 1-:2H,0 (a) and 2-CHCl; (b)
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Fig. S2. Ellipsoid diagram (50% probability) for the cation [Dy(LN®")(OAc),]* in
{[Dy(L"°*")(OAc).](NOs)}-2H,0 (1-2H,0).

Fig. $3. Portion of the packing diagram, showing the interactions of the solvate with the cations
and nitrate anions of the complex [Dy(LN®*™P)(OAc),](NOs) (2). The intermolecular Cl2---022
distance of 2.81 A could seem quite short but it has many precedents. Searching in the CSD for
other chloroform---oxygen containing groups contacts show that values between 2.8-2.9 A have
been previously reported at least for the following crystal structures in CSD: REFCODE: 1.
DADPIK;* 2. REFCODE: EGIBII;2 3. REFCODE: FANGEI;> 4. REFCODE: GALDUU;* 5. REFCODE:
HIVPUZ;> REFCODE: IVUNUI;® 7. REFCODE: IWAPOO: Kai Wei, CSD Communication (Private
Communication), 2021; 8. REFCODE: MARGEU;. 9. REFCODE: NELPOK;® 10. REFCODE:
TIXXUVO1;2 11. REFCODE: UVEVOIJ;1® 12. REFCODE: VEFKEY; 13. REFCODE: ZIBWUE;% 14.
REFCODE: NENNED.*
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Fig. S4. Comparison of the experimental powder X-ray diffractograms with the corresponding
theoretical ones for 1-2H,0 (left) and 2:CHCl; (right)



2. Magnetic Characterization
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Fig. S5. Dependence of the relaxation time with the field for 1-2H,0. The black line is a guide for
the eyes.
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Fig. S6. Temperature dependence of yu" for 1:2H,0 (a) and 2-CHCl; (b) in a dc applied field of
2000 Oe at different frequencies.
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Fig. S7. Cole—Cole plot for 1-:2H,0 (a) and 2:CHCls (b) in a dc applied field of 2000 Oe. In these
plots, ym’
generalized Debye model.14 The fit provides a parameter values between 1 and 0, and the
higher the a value, the larger is the distribution of relaxation times.
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Fig. $8. Dependence of the relaxation time with temperature for 1-2H,0 in a dc applied field of
2000 Oe. The line is the best fit to t~1 = cT" (r>>0.999), i.e. considering only Raman relaxation.
Raman parameters: C = 0.13(2) s?)K™ and n = 6.5(1).



3. Photoluminescence Characterization
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Fig. S9. Excitation spectra of 1:2H,0 (a) and 2:CHCI; (b) in the 11-325 K temperature range,
monitoring the *Fo/2—%Ha3/; transition. The Dy** transitions are assigned following ref. 15.
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Fig. S10. Distance from the ligand centroid to the Dy** ion for 1-2H,0 (a) and 2-CHCl; (b).
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Fig. S12. (a) Deconvolution of the *Fg/,—®H1s/, transition of 2:CHCl3 (11 K), excited at 326 nm.
The black circles depict the experimental data, and the red line represents the envelope fit using
multi-Gaussian functions. The radiative transitions between the first *F¢/» KD and the ®His/, ones
are designated as 1-8, while the Gaussian component labelled 9 corresponds to the hot band
(transition between the second *Fs;; KD and the first ®His;, KD). (b) Simplified Dy** energy
diagram estimated from the multi-Gaussian deconvolution of the *Fg/,—H1s/> transition in the
11 K emission spectrum of 2-CHCls.
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Fig. S13. Normalized integrated intensities of the ligand (/.) and (/f) Dy** *Fo/2—>°H13/2 transitions
for (a) 1-:2H,0 and (b) 2:CHCls.

In 1:2H,0, the integrated intensity of the ligands decreases steadily until room temperature,
while that of the *Fg/,—>°Hi3, transition decreases until 211 K and then remains constant for
higher temperatures (Fig. S13). In contrast, for 2-:CHCIs the integrated intensity of the ligands
decreases with temperature until 250 K and then remains constant for higher temperatures,
while that of the *Fo/,—>®H13/; transition decreases until room temperature.
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4. Thermometric Characterization

4.1. Secondary thermometers

The secondary luminescent thermometer is based on the ratio of integrated intensities from the
ligand and the Dy3* *Fg/,—®H13,; transition. The corresponding thermometric parameter is
defined as:

A =7 (Eq. S1)
F

where Iris the integrated intensity of the *Fg/,—>®Ha3/, transition (resulting from the numerical
integration in the 560-590 nm range) and I; is the integrated area of the ligand emission. The
strategy followed to determine I is distinct in both compounds: while for 1-2H,0 is obtained
following the normal procedure when we have superposition between different bands by the
difference between the numerical integration of the full emission spectra (380-700 nm) and the
integrated intensity of the Dy*" *Fg,—®His/, (470-490 nm), *Fg/—>®His/2 (560-590 nm), and
F9/2—°H11/2 (653-667 nm) transitions were then subtracted, for 2-CHCl; we perform the
numerical integration in the 380-470 nm range because there is no superposition. All the
numerical integrations were performed in MatLab®.

The corresponding uncertainties in the integrated areas were calculated from the emission
spectra evaluating the signal-to-noise ratio. In particular, the uncertainty in each integrated area
is determined by evaluating the signal (maximum intensity value for each transition) fluctuations
in the emission spectra in the 675-700 nm (1-2H,0) and 500-550 nm (2-CHCIs) range (standard
deviation, considered as the noise), defining the SNR=signal/noise and thus:

1

The uncertainty in A is defined as:
SIN°  (81p\°
SA = A X (—L) + (—F) . (Eq. S3)
) Ir

The calibration relations for the secondary thermometers are the straight lines shown in Fig. 7
of the main manuscript described by:

I, i=LF (Eq. S2)

A=axT+bh, (Eq. S4)

where the calibration parameters (a, b) are determined by fitting the experimental A values. The
fitting parameters are listed in Table S5.

Table S5. Summary of the fitting parameters for the calibration curves of 1:2H,0 and 2:CHCl;

Compound a(kK™1 b r? Operating range (K)
1-2H,0 -5.0+0.2 (12.7+0.2)x10% | 0.989 11-211
2-CHCls -(8.0+£0.2)x103 | 2.45+0.05 0.994 11-286

The relative thermal sensitivity (S,) and the temperature uncertainty (6T) of the secondary
thermometers are determined by:16

g =_|‘7l_A __* (Eq. S5)
"TAlATI axT+b’
and
16A axT+b 6A
T=—— =" x— (Eq. S6)

Sy A a A

13



4.2. Primary thermometers

Temperature (K)
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Fig. S14. Plot of the In(A") with 1/T for 2:CHCls. The datapoints follow a linear relation in the
shadowed temperature range (86-211 K). The solid line is the best linear fit in the same
temperature range (r>>0.977).

Primary luminescence thermometry exploits the ratio between the intensities arising from two
thermally coupled levels (4’) through a well-established equation, Eq. 2 of the main manuscript.
The A'is given by:

Iy
r— _2Z
A= I (Eq. S7)
where I, and Iy are KDs resulting from the deconvolution of the Dy** *Fs/,—>®Hss/, transition (Fig.
S12 for the labelling of KDs). The I doublet corresponds to the maximum intensity component
whereas the Iy is the “hot band” component.
The uncertainty on A’ is given by:

2 2
SA' = A’ X (%> + (%) , (Eq. S8)
Is Iy

where I + 8l and Iy + 81y are obtained from the deconvolution procedure implemented in
OriginLab®© software. The intensity value and the corresponding uncertainty are the fitted mean
value and its uncertainty, respectively.

The energy difference between the barycenters of the thermally coupled levels (4E,) is
determined as AE, = Eg — Eq. These values were obtained from the deconvolution procedure,
as the barycenter values and the corresponding uncertainties The uncertainty in AE, results
from the Eg and E4 uncertainty propagation. The resulting value was AE,=98 + 0.3 cm™.

Mean absolute deviation (MAD) is a figure of merit that measures the mean value of the
absolute deviation between two datasets. MAD allows the estimation of the accuracy of the

measurementsiZ2 and is defined as:%

1
MAD =& Z ITe = Tl (Eq. S9)

operating
range

14



where the sum extends over the operating range of the primary thermometer, 86 < T, < 211 K.
Fig. S presents the absolute deviation |T, — T,.| and the MAD values, where r and c label the
reference and calculated temperatures, respectively.

12 T T T

Absolute Deviation (%)

0 L 1 1 1 L . L — L
80 100 120 140 160 180 200 220 240

Measured Temperature (K)
Fig. S15. Absolute deviation |T, — T,.| in the 86-236 K range for 2:CHCls. The MAD is presented
as the interrupted line.

The uncertainty on the calculated temperature of the primary thermometer, AT., was
determined by:%2

2 2 2 12 2 2
5T, kp\>|(SAE, (A SN, SN’
¢ Tl < TZ > AE,) |\ AE, "\4, A, A (Fa. 510)
where §A and A" are the uncertainties in Ay and A’, respectively. The AT, values are presented
as the error bars in Fig. 9 of the main manuscript.

The performance of the primary thermometer was determined by the S,. and 8T values, labelled
as S,." and 6T'. S," is determined by (Fig. S16a):%
1 |dA’ _AE,

= = kT

=—|—= Eq.S11
r A/ dT (q )

15
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Fig. S16. (a) Relative thermal sensitivity and (b) temperature uncertainty of the primary
thermometer 2-CHCl; in its operating range.

The corresponding temperature uncertainty (6T') is determined by (Fig. S16b):1°

164 kgT 64
= — =—xX

S A AE, A’
where A’ /A" is the relative uncertainty, determined as 3%.

5T’ (Eq. S12)
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