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Luminescence properties of sample [P4444]3[EuClg]
1) Emission spectra

Upon excitation at 394.1 nm (25374 cm’l), in the *Le&’Fo transition the sample shows
typical narrow Eu®* emission peaks (Fig. S1). The peaks labelled a-e have been assigned to
the corresponding electronic transitions in Table S1.
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Fig. S1 Emission spectrum of [P4444]3[EUClg], excited at 394.1 nm and corrected for detector
sensitivity.
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Table S1. Assignment of the 4f-4f transitions in the emission spectrum of [P4444]3[EuClg].

Label A (nm) ¥ (cm™) Transition
a 579.6 17253 *Do->"Fo
b 592.3 16883 *Do->"F4
c 612.2 16334 *Do->"F;
d 651.5 15349 *Dg->"F3
e 701.6 14253 *Do->"F4

The sample was also excited at 347.6 nm (28768 cm™) giving rise to typical Eu** peaks as
when excited at 394.1 nm, but with slightly lower intensity (Fig. S2).
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Fig. S2 Emission spectrum of [P444]3[EUClg], excited at 347.6 nm and corrected for detector
sensitivity.

2) Excitation spectrum for [P4444]3[EuClg]

Monitoring the emission of the sample at 612.2 nm (16335 cm™?, transition 5D097F2), the
excitation wavelength was varied between 250 and 500 nm to record an excitation
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spectrum (Fig. 3). In the spectrum a broad band with a maximum at 347.6 nm (28769 cm™)
is visible. All other peaks in the spectrum can be assigned to transitions within the Eu** ion’s
4f shell. The peaks labelled a-i have been assigned to the corresponding transitions in Table
S2.
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Fig. S3 Excitation spectrum of [P4444]3[EuClg], monitored at 612.2 nm, corrected for detector
sensitivity.

Table S2. Assignment of the 4f-4f transitions in the excitation spectrum of [P4444]3[EuClg].

Label A (nm) ? (cm™) Transition
a 362.3 27601 °Ds<"Fo
b 366.8 27263 *Da<'Fy
c 374.8 26681 >Ge, 4&Fo
d 379.3 26364 *Ge, 5,3¢ F1
e 394.1 25374 *Le<"Fo

f 401.5 24907 Le<Fy
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g 415.8 24050 °D3<Fy
h 464.1 21547 °D,¢"Fo
i 472.7 21155 °D,¢'F,
3) Luminescence

decay time of [P4444]3[EuClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 612.2 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S4. The
luminescence decay time is calculated as 0.960 ms or 960 us.

Equation y = Al*exp(-x/t1) + y0
Adj. R-Square 0.9999

Value Standard Error
EuCI3[P4444]CI y0 263.74814 13.55039
lifetime
EuCI3[P4444]CI A1 57686.9372 55.27358
lifetime
EuCI3[P4444]CI t1 959945.85453 1444.78677
lifetime

Emission intensity (a.u.)
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Fig. S4 Luminescence decay profile of [P4444]3[EuCle], upon excitation at 355.0 nm and
monitoring the emission decay at 612.2 nm.
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Luminescence properties of sample of [P445]3[EuClg]
1) Emission spectra

Upon excitation at 394.0 nm (25381 cm’l), in the >Lg&’Fo transition, the sample shows
typical narrow Eu®* emission peaks (Fig. S5). The peaks labelled a-e have been assigned to
the corresponding electronic transitions in Table S3.
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Fig. S5 Emission spectrum of of [P444s]3[EuClg], excited at 394.0 nm and corrected for detector
sensitivity.

Table S3. Assignment of the 4f-4f transitions in the emission spectrum of [P44g]3[EuClg].

Label A (nm) ¥ (cm™) Transition
a 579.5 17256 *Do->"Fo
b 591.7 16900 *Do->"F4
c 612.0 16340 *Do->"F,

d 651.3 15354 *Do>"F3
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e 701.5 14255 *Do>"Fa

The sample was also excited at 344.9nm (28994 cm™) giving rise to typical Eu*" peaks as
when excited at 394.0 nm, but with slightly lower intensity (Fig. S5 and Fig. S6).

Emission intensity (a.u.)
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Fig. S6 Emission spectrum of [P444s]3[EuClg], excited at 344.9 nm and corrected for detector
sensitivity.

2) Excitation spectrum

Monitoring the emission of the sample at 612.0 nm (16340 cm™, *Dy=>'F, transition), the
excitation wavelength was varied between 250 and 500 nm to record an excitation
spectrum (Fig. S7). In the spectrum a broad band with a maximum at 344.9 nm (28994 cm™)
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is visible. All other peaks in the spectrum can be assigned to transitions within the Eu** ion’s
4f shell. The peaks labelled a-i have been assigned to the corresponding transitions in Table
S4.

h
3
S
=
‘»
[
o)
£
[
9o
3 e
£ a ¢
W b cd g i
L 1 L 1 L 1 L 1 L
250 300 350 400 450 500

Wavelength (nm)

Fig. S7 Excitation spectrum of [P444s]3[EuClg], monitored at 612.0 nm, corrected for detector
sensitivity.

Table S4. Assignment of the 4f-4f transitions in the excitation spectrum of [P44g]3[EuCle].

Label A (nm) ? (cm™) Transition
a 362.3 27601 °Ds<"Fo
b 364.9 27405 "Da<'Fy
c 374.8 26681 >Ge, 4<Fo
d 379.6 26344 *Ge, 5,3¢ F1
e 394.0 25381 *Le<"Fo

f 401.4 24913 Le&Fy
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g 415.3 24079 °D3<Fy
h 464.0 21552 °D,¢"Fo
i 471.4 21213 °D,¢'F,
3) Luminescence

decay time of [P4448]3[EuClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 612.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S8. The
luminescence decay time is calculated as 0.813 ms or 813 us.

Equation y =A1*exp(-x/t1) + yO
Adj. R-Square 0.998

Value Standard Error
[P4448]EuCI3 li y0O 870.36865 18.76645
fetime
[P4448JEuCI3 li A1 25453.65069 122.43244
fetime
[P4448JEuCI3 i t1 812607.80825 4932.1466
fetime

Emission intensity (a.u.)
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Fig. S8 Luminescence decay profile of [P4448]3[EuCle], upon excitation at 355.0 nm and
monitoring the emission decay at 612.0 nm.
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Luminescence decay time for [Pgge 14]3[EUClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 611.8 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S9. The
luminescence decay time is calculated as 1.095 ms or 1095 us.

Equation y = Al*exp(-x/t1) + yO
Adj. R-Square 0.99992
Value Standard Error
P66614EuCI3 i yO -29.17518 33.26734
fetime
P66614EUCI3 i A1 89453.54383 42.53736
fetime
. P66614EUCI3 li t1 1.09461E6 1530.5766
35 fetime
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Fig. S9 Luminescence decay profile of [Pggg 14]3[EUCls], upon excitation at 355.0 nm and
monitoring the emission decay at 611.8 nm.

Luminescence properties of sample [P4444]3[TbClg]
1) Emission spectra

Upon excitation at 378.1 nm (26448 cm™), in the °Gg, >D3&’Fg transitions, the sample shows
typical narrow Th>* emission peaks (Fig. $10). The peaks labelled a-d have been assigned to
the corresponding electronic transitions in Table S7.



S10

b

El

)

2

‘®»

C

[0

<

C

9

[%)]

0 a

S

w d

c
L 1 L 1 L 1 L
450 500 550 600 650
Time (ms)

Fig. S10: Emission spectrum of [P4444]3[TbClg], excited at 378.1 nm and corrected for
detector sensitivity.

Table S7. Assignment of the 4f-4f transitions in the emission spectrum of [P4444]3[TbClg]

Label A (nm) 9 (cm™) Transition
a 487.6 20509 °Ds>"Fe
b 546.2 18308 °Dy>Fs
c 581.3 17203 °Ds>'F,4
d 620.2 16124 °Dy->F3

The sample was also excited at 272.5 nm (36697 cm™) giving rise to typical Tb*" peaks, but
more intensive then when excited at 378.1 nm (Fig. S14).
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Fig. S14: Emission spectrum of [P4444]3[TbClg], excited at 272.5 nm and corrected for detector.

2) Excitation spectrum of [P4444]3[TbClg]

Monitoring the emission of the sample at 546.2 nm (18308 cm™?, °Dy>7Fs transition), the
excitation wavelength was varied between 250 and 500 nm to record an excitation
spectrum (Fig. S15). In the spectrum a broad band with a maximum at 272.5 nm (36697 cm’
1) is visible. All other peaks in the spectrum can be assigned to transitions within the Tb**
ion’s 4f shell. The peaks labelled a-g have been assigned to the corresponding transitions in
Table S8.
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Fig. S15 Excitation spectrum of [P4444]3[TbClg], monitored at 546.2 nm.

Table S8. Assignment of the 4f-4f transitions in the excitation spectrum of [P4444]3[TbClg].

Label A (nm) ¥ (cm™) Transition
a 318.0 31447 *H,¢"Fs
b 338.8,341.8 29516, 29257 °Gy, °Lg, "Ly, s, "G3<Fg
c 351.4 28458 *Lo, °Gg, °D,<Fe
d 359.0 27855 *Gs<Fe
e 369.5 27064 *L1o¢Fe
f 378.1 26448 >Gg, *D3<"F

g 486.5 20555 *D4<"Fg
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3) Luminescence decay time of [P4444]3[ThClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 546.2 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. 16. The
luminescence decay time is calculated as 0.416 ms or 416 ys.

Equation y =At*exp(-x/t1) + y0
Adj. R-Square 0.98931

Value Standard Error
TbCI3[P4444] y0 994.7864 29.46462
Cl lifetime
TbCI3[P4444] A1 3431.02516 2551543
Cl lifetime
TbCI3[P4444]  t1 416459.21397 9784.29189
Cl lifetime

Emission intensity (a.u.)

Fig. S16 Luminescence decay profile of [P4444]3[TbClg] upon excitation at 355.0 nm and
monitoring the emission decay at 546.2 nm.

Luminescence properties of sample [P443]3[TbCle]
1) Emission spectra

Upon excitation at 377.8 nm (26469 cm’l), in the °Gg, >D3<'Fg transitions, the sample shows
typical narrow Th>* emission peaks (Fig. S17). The peaks labelled a-d have been assigned to
the corresponding electronic transitions in Table S9.
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Emission intensity (a.u.)

450 500 550 600 650
Wavelength (nm)

Fig. S17 Emission spectrum of [P4448]3[TbCl6], excited at 377.8 nm and corrected for
detector sensitivity.

Table S9. Assignment of the 4f-4f transitions in the emission spectrum of [P444s]3[TbClg]

Label A (nm) o (cm™) Transition
a 487.7 20504 °D4>"F
b 548.0 18248 °Dy>Fs
c 583.2 17147 °Ds>'F4
d 620.1 16126 °Dy->F3

The sample was also excited at 274.7 nm (36403 cm™) giving rise to typical Tb*" peaks, but
more intensive then when excited at 377.8 nm (Fig. S18).
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Fig. S18 Emission spectrum of [P44sg]3[TbClg], excited at 274.7 nm and corrected for detector
sensitivity.

2) Excitation spectrum of [P445]3[TbCle]

Monitoring the emission of the sample at 548.0 nm (18248 cm™?, °Dy>7Fs transition), the
excitation wavelength was varied between 250 and 500 nm to record an excitation
spectrum (Fig. 19). In the spectrum a broad band with a maximum at 274.7 nm (36403 cm™)
is visible. All other peaks in the spectrum can be assigned to transitions within the Tb** ion’s
4f shell. The peaks labelled a-h have been assigned to the corresponding transitions in Table
S10.
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Fig. S19 Excitation spectrum of [P4448]3[TbClg], monitored at 548.0 nm (uncorrected
spectrum).

Table S10. Assignment of the 4f-4f transitions in the excitation spectrum of [P444g]3[TbClg].

Label A (nm) 9 (cm™) Transition
a 303.8 32916 *He<"Fs
b 318.6 31387 °H,¢<"Fg
c 337.4,342.5 29638,29197 G, °Le, Ly 5 G3<'Fg
d 351.7 28433 *Lg, °Ga, °D2<"Fe
e 359.3 27832 °Gs<'Fe
f 369.4 27071 *Lyo¢<"Fg
g 377.8 26469 >Gg, D3¢ Fe

h 486.9 20538 Dy&"Fe
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3) Luminescence decay time of [P4448]3[TbClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 548.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S20. The
luminescence decay time is calculated as 0.471 ms or 471 ys.

Equation y = Al*exp(x/t1) + y0

Adj. R-Square 0.99045
Value Standard Error

TbCI3[P4448]Cl | y0O 807.95269 22.40784

ifetime

TbCI3[P4448]CI | A1 3562.19827 20.79385

ifetime

TbCI3[P4448]CI | t1 471149.81483 8742.98158
ifetime

Emission intensity (a.u.)

0.2 0.4 0.6 0.8 1.0
Time (ms)

Fig. S20 Luminescence decay profile of [P4443]3[TbClg] upon excitation at 355.0 nm and
monitoring the emission decay at 548.0 nm.

Luminescence properties of sample [Pggg 14]3[TbClg]

The sample was also excited at 273.2 nm (36603 cm™) giving rise to typical Tb*>" peaks, but
more intensive then when excited at 378.1 nm (Fig. S21).
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Fig. S21: Emission spectrum of [Pggg 14]3[TbClg], excited at 273.2 nm and corrected for
detector sensitivity.

2) Excitation spectrum of [Pgeg 14]3[TbClg]

Monitoring the emission of the sample at 548.2 nm (18242 cm™?, °Dy>7Fs transition), the
excitation wavelength was varied between 250 and 500 nm to record an excitation
spectrum (Fig. S23). In the spectrum a broad band with a maximum at 273.2 nm (36603 cm’
1) is visible. All other peaks in the spectrum can be assigned to transitions within the Tb**
ion’s 4f shell. The peaks labelled a-i have been assigned to the corresponding transitions in
Table S12.
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Fig. S23 Excitation spectrum of [Pees 14]3[TbClg], monitored at 548.2 nm (uncorrected
spectrum).

Table S12. Assignment of the 4f-4f transitions in the excitation spectrum of [Pggg 14]3[TbClg].

Label A (nm) 9 (cm™) Transition
a 352.5 28369 *Lo¢"Fe
b 360.6 27732 °Gs<'Fs
c 369.8 27042 *L10¢"Fe
d 378.1 26448 °Ge, D3¢ "Fy
e 487.2 20525 °Dy<"Fs

3) Luminescence decay time of [Pggs 14]3[TbClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 548.2 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S24. The
luminescence decay time is calculated as 0.692 ms or 692 ps.
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Equation y = AT exp(-xit1) + yO
Adj. R-Square 0.99329

Value Standard Error
TbCI3[P66614]  yO 2572.13773 51.44535
Cl lifetime
TbCI3[P66614] A1 10015.74426 52.60409
Cl lifetime
TbCI3[P66614]  t1 691882.4077 11735.54152
Cl lifetime

Emissio intensity (a.u.)

0.8 1.2 1.6 2.0
Time (ms)

Fig. S24 Luminescence decay profile of [Peegs 14]3[TbClg] upon excitation at 355.0 nm and
monitoring the emission decay at 548.2 nm.

Luminescence properties of sample [P4444]3[DyClg],
1) Emission spectrum

Upon excitation at 353.2 nm (28313 cm'l), in the 6P7/2€6H15/2 transition, the sample shows a
broad emission band and additionally two typical narrow Dy*" emission peaks (Fig. $25). The
peaks labelled a and b have been assigned to the corresponding electronic transitions in
Table S13.
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Fig. S25 Emission spectrum of [P4444]3[DyClg], excited at 353.2 nm and corrected for detector
sensitivity.

Table S13. Assignment of the 4f-4f transitions in the emission spectrum of [P4444]3[DyClg]

Label A (nm) o (cm™) Transition
a 479.5 20855 *Fo/2>°H1s/2
b 573.4 17440 *Fo/2>°H1s/2

2) Excitation spectrum

Monitoring the emission of the sample at 573.4 nm (17440 cm'l, 4F9/296H13/2 transition), the
excitation wavelength was varied between 250 and 480 nm to record an excitation
spectrum (Fig. S26). In the spectrum a broad band is visible. All other peaks in the spectrum
can be assigned to transitions within the Dy*" ion’s 4f shell. The peaks labelled a-i have been
assigned to the corresponding transitions in Table S14.
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Fig. S26 Excitation spectrum of [P4444]3[DyClg], monitored at 573.4 nm (uncorrected

spectrum).

Table S14. Assignment of the 4f-4f transitions in the excitation spectrum of [P4444]3[DyClg].

Label A (nm) 9 (cm™) Transition
a 324.3 30845 ®P3/,¢®Has),
b 337.5 29630 *Fs/2, *Ds/2¢ His/
c 353.2 28313 ®P;/2¢His/
d 363.7 27495  ®Pssy, *P3ja, “Daja, “Musja, €Huspa
e 379.2 26371 *K17/2, *Ma1/2¢®H1s/
f 388.5 25740 1372, *F7/2¢ H1s)2
g 418.2 23912 *G11/2¢His)
h 449.4 22252 *l15/2€*Has
i 467.0 21413 *Fo/a&"His/a
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3) Luminescence decay time of [P4444]3[DyClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 573.4 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S27. The
luminescence decay time is calculated as 0.055 ms or 55 ys.

Equation y = AT"exp(~xit1) + y0

Adj. R-Square 0.99889
Value Standard Error

DyCI3[P4444]CI yO 6.53271 10.15663

lifetime

DyCI3[P44441CI A1 8539.04625 64.9563

lifetime

DyCI3[P4444]CI t1 55458.83344 484.15256
lifetime

Emission intensity (a.u.)

0.06 0.08 0.10 0.12
Time (ms)

Fig. S27 Luminescence decay profile of [P4444]3[DyCls] upon excitation at 355.0 nm and
monitoring the emission decay at 573.4 nm.

Luminescence properties of sample [P4448]3[DyCl¢]
1) Emission spectrum

Upon excitation at 351.1 nm (28482 cm'l), in the 6P7/266H15/2 transition, the sample shows a
broad emission band and the three typical narrow Dy*" emission peaks (Fig. 28). One of the
peaks (peak a) is strongly overlapped by the broad band and can hardly be distinguished.
The peaks labelled a-c have been assigned to the corresponding electronic transitions in
Table S15.
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Emission intensity (a.u.)

400 450 500 550 600 650 700
Wavelength (nm)

Fig. S28 Emission spectrum of [P4448]3[DyClg], excited at 351.1 nm and corrected for detector
sensitivity.

Table S15. Assignment of the 4f-4f transitions in the emission spectrum of [P4445]3[DyClg]

Label A (nm) o (cm™) Transition
a 481.7 20760 *Fo/2>°His/a
b 574.5 17406 *Fo/2>°Hiz/
c 666.9 14995 *Fo2>°H11/2

2) Excitation spectrum of [P445]3[DyCls]

Monitoring the emission of the sample at 574.5 nm (17406 cm®, 4F9/296H13/2 transition), the
excitation wavelength was varied between 250 and 480 nm to record an excitation
spectrum (Fig. S29). In the spectrum a broad band is visible. All other peaks in the spectrum
can be assigned to transitions within the Dy*" ion’s 4f shell. The peaks labelled a-I have been
assigned to the corresponding transitions in Table S16.
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Fig. S29 Excitation spectrum of [P4443]3[DyClg], monitored at 574.5 nm (uncorrected
spectrum).

Table S16. Assignment of the 4f-4f transitions in the excitation spectrum of [P4445]3[DyClg].

Label A(nm) 9 (cm™) Transition
a 294.5 33956 *D7/2¢Has)
b 299.2 33422 *H13/2¢*H1s)2
c 3115 32102 *L1g/2€His)
d 325.1 30760 ®P3/,¢His)a
e 337.2 29656 *Fs/2, *Ds/2¢ His/
f 351.1 28482 ®p,/,¢His/
g 364.7 27420 °Psy, *P3ja, “Dajz, *Mio/a&®His)
h 378.9 26392 *K17/2, *Ma1/2¢®His
[ 385.7 25927 132, *F7/2€¢PHas)

j 425.1 23528 *G11/2¢ Has)
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k 453.4 22056 *115/2¢®H1s2

| 466.8 21422 *Fo/2¢Has)2

3) Luminescence decay time of [P4448]3[DyClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 574.5 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S30. The
luminescence decay time is calculated as 0.056 ms or 56 ys.

Equation y = AT'exp(tT) + yO
Adj. R-Square 0.99858

Value Standard Error
DyClI3[P4448]C y0 3.42631 7.54079
Ilifetime
DyClI3[P4448]C A1 5185.39545 21.33995
I lifetime
DyCI3[P4448]C t1 55816.39323 425.66845
| lifetime

Emission intensity (a.u.)

0.04 0.06 0.08 0.10 0.12
Time (ms)

Fig. S30 Luminescence decay profile of [P4443]3[DyCls] upon excitation at 355.0 nm and
monitoring the emission decay at 574.5 nm.
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Luminescence properties of sample [P4444]3[SMClg]
1) Emission spectra

Upon excitation at 400.8 nm (24950 cm™), in the 4L15/2, 6P3/2, 4L13/2€6H5/2 transitions, the
sample shows both a broad emission band and the typical narrow Sm®" emission peaks (Fig.
S34). The peaks labelled a-d have been assigned to the corresponding electronic transitions
in Table S19.

Emission intensity (a.u.)

450 500 550 600 650 700 750

Wavelength (nm)

Fig. S34 Emission spectrum of [P4444]3[SmMClg], excited at 400.8 nm and corrected for detector
sensitivity.
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Fig. S34b Comparison of the emission Emission spectra of [P4444]3[SMCl¢], excited at 400.8 nm
(black line) and 344.0 nm (red line) and corrected for detector sensitivity.

Table S19. Assignment of the 4f-4f transitions in the emission spectrum of [P4444]3[SMClg]

Label A (nm) o (cm™) Transition
a 558.8 17895 *Gs/2>°Hs)
b 594.3 16827 *Gs/>°Hyp
c 645.4 15494 *Gs/2>°Hoya
d 698.4 14318 *Gs/>°Hi1/

The sample was also excited at 344.0 nm (29070 cm™) giving rise to typical Sm*" peaks as
when excited at 400.8 nm but with lower intensity, except for the 4G5/296H9/2 transition,
which is more intensive when the compound is excited at 344.0 nm (Fig. S35 and S35b).
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Fig. 35 Emission spectrum of [P4444]3[SmClg], excited at 344.0 nm and corrected for detector
sensitivity.

2) Excitation spectrum of [P4444]3[SMClg]

Monitoring the emission of the sample at 594.3 nm (16827 cm™), the excitation wavelength
was varied between 250 and 500 nm to record an excitation spectrum (Fig. 36). In the
spectrum a broad band is visible. All other peaks in the spectrum can be assigned to
transitions within the Sm>* ion’s 4f shell. The peaks labelled a-i have been assigned to the
corresponding transitions in Table 20.
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Fig. S36 Excitation spectrum of [P4444]3[SmClg], monitored at 594.3 nm (uncorrected
spectrum).

Table S20. Assignment of the 4f-4f transitions in the excitation spectrum of [P4444]3[SmMClg].

Label A (nm) 9 (cm™) Transition
a 344.9 28994 *D7/2, *H7/2€ Hs),
b 361.7 27647 “Dsyz, ®Psy2, “D3/nHs)
c 374.3 26717 *K13/2, °P7/2€¢Hs)2
d 400.8 24950 Lis/2 *K11/2, OP3s2, Lizj2€CHs
e 418.6 23889 ®Psy2, *Ps/2¢Hs)
f 449.6 22242 *Goyz, "M17/,€Hs)
g 467.0 21413 *l13/2¢°Hs)
h 480.2 20825 *l11/2, *M1s/2€®Hs 2

[ 491.5 20346 *losa, “G7/2¢ Hs)a
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3) Luminescence decay time of [P4444]3[SMClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 594.3 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S37. The
luminescence decay time is calculated as 0.026 ms or 26 ys.

Equation y = A*exp(xit1) + y0

Adj. R-Square 0.99415

Value Standard Error
SmCI3[P4444]CI y0O 43.74543 2.96827
lifetime laser

SmCI3[P4444]CI A1 1128.38424 7.81818
lifetime laser

SmCI3[P4444]CI t1 26335.71495 357.38049
lifetime laser

Emission intensity (a.u.)

0.02 0.04 0.06 0.08 0.10
Time (ms)

Fig. S37 Luminescence decay profile of [P444]3[SMClg] upon excitation at 355.0 nm and
monitoring the emission decay at 594.3 nm.

Luminescence properties of sample [P4448]3[SMClg]
Emission spectra

Upon excitation at 407.0 nm (24570 cm'l), in the 4L15/2, 6P3/2, 4L13/266H5/2 transitions, the
sample shows both a broad emission band and the typical narrow Sm*" emission peaks (Fig.
S38). The peaks labelled a-d have been assigned to the corresponding electronic transitions
in Table S21.
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Emission intensity (a.u.)
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Fig. S38 Emission spectrum of [P444g]3[SmMClg], excited at 407.0 nm and corrected for detector
sensitivity.
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Fig. S38b Comparison of the emission spectra of [P4445]3[SMClg], excited at 407.0 nm (black
line) and 340.7 nm (red line) and corrected for detector sensitivity.

Table S21. Assignment of the 4f-4f transitions in the emission spectrum of [P444g]3[SmMClg]

Label A (nm) o (cm™) Transition
a 566.7 17646 *Gs/2>°Hs)
b 601.8 16617 *Gs/>°Hyp
c 648.1 15430 *Gs/2>°Hg)
d 705.3 14178 *Gs/>°Hi11/

The sample was also excited at 340.7 nm (29351 cm™), but in this case the sample gave only
very weak Sm>" emission peaks with a strong dominance of a wide broad band between
450-550 nm.
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2) Excitation spectrum for [P448]3[SmCleg]

Monitoring the emission of the sample at 601.8 nm (16617 cm™), the excitation wavelength
was varied between 250 and 500 nm to record an excitation spectrum (Fig. S39). In the
spectrum a broad band is visible. All other peaks in the spectrum can be assigned to
transitions within the Sm>" ion’s 4f shell. The peaks labelled a-i have been assigned to the
corresponding transitions in Table S22.

Emission intensity (a.u.)

250 300 350 400 450 500

Wavelength (nm)

Fig. S39 Excitation spectrum of [P4448]3[SmClg], monitored at 601.8 nm (uncorrected
spectrum).

Table S22. Assignment of the 4f-4f transitions in the excitation spectrum of [P444g]3[SMClg].

Label A (nm) B (cm™) Transition

a 346.0 28902 *Dy/2, *H7/2¢Hs)

b 364.1 27465 *Ds/2, °Ps/2, “Daj2<-°Hs)2
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c 378.5 26420 *K13/2, °P7/2€®Hs 2

d 407.0 24570 Lassa, *Kar/2, OP3sa, Lazj2Hs)
e 418.8 23878 ®Psy2, *Ps/2¢Hs)

f 449.7 22237 *Goyz, "M17/2¢Hs/

g 466.7 21427 *l13/2¢ Hs)

h 480.1 20829 M11/2, *Mis/2,€CHs)

i 490.6 20385 *loj2, *G7/2¢Hs)s

3) Luminescence decay time of [P4448]3[SMClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 601.8 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S40. The
luminescence decay time is calculated as 0.057 ms or 57 ps.

Equation y = Al*exp(xt1) +y0
Adj. R-Square 0.99827

Value Standard Error
SmCI3[P4448ICI yO -87.55432 570306
lifetime
SmCI3[P4448]CI A1 3966.46339 7.42212
lifetime
SmCI3[P4448ICI t1 57238.97046 301.54199
lifetime

Emission intensity (a.u.)

0.02 0.04 0.06 0.08 0.10
Time (ms)
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Fig. S40 Luminescence decay profile of [P4445]3[SmClg] upon excitation at 355.0 nm and
monitoring the emission decay at 601.8 nm.

Luminescence properties of sample [Pggs 14]3[SMClg]
1) Emission spectra

Upon excitation at 407.1 nm (24564 cm'l), in the 4L15/2, 6P3/2, 4L13/266H5/2 transitions, the
sample shows a strong broad emission band and much weaker peaks which can be assigned
to the typical narrow Sm>* emission peaks (Fig. S41). The peaks labelled a-d have been
assigned to the corresponding electronic transitions in Table S23.

Emission intensity (a.u.)

450 500 550 600 650 700 750

Wavelength (nm)

Fig. S41 Emission spectrum of [Pggg 14]3[SMClg], excited at 407.1 nm and corrected for detector
sensitivity.

Table S23. Assignment of the 4f-4f transitions in the emission spectrum of [Pggg 14]3[SMClg]

Label A (nm) ¥ (cm™) Transition
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a 566.5 17668 *Gs/2>°Hs)
b 599.0 16694 *Gs/2>°Hp
c 647.3 15449 *Gs/2>°Hgy
d 707.5 14134 *Gs/>°H11y

The sample was also excited at 337.1 nm (29665 cm™) giving rise to typical Sm*" peaks as
when excited at 407.1 nm, but with slightly higher intensity of the peaks (Fig. S42).

Emission intensity (a.u.)

450 500 550 600 650 700 750

Wavelength (nm)

Fig. S42 Emission spectrum of [Pggg 14]3[SMClg], excited at 337.1 nm and corrected for detector
sensitivity.

2) Excitation spectrum of [Pgeg 14]3[SMClg]

Monitoring the emission of the sample at 599.0 nm (16694 cm™), the excitation wavelength
was varied between 250 and 500 nm to record an excitation spectrum (Fig. S43). In the
spectrum a broad band is visible. All other peaks in the spectrum can be assigned to
transitions within the Sm>* ion’s 4f shell. The peaks labelled a-i have been assigned to the
corresponding transitions in Table S24.
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Emission intensity (a.u.)

250 300 350 400 450 500

Wavelength (nm)

Fig. S43 Excitation spectrum of [Pges 14]3[SMClg], monitored at 599.0 nm (uncorrected
spectrum).

Table S24. Assignment of the 4f-4f transitions in the excitation spectrum of [Pggg 14]3[SMCle].

Label A (nm) 5 (cm™) Transition
a 346.4 28868 *D7/2, *H7/2€Hs),
b 363.9 27480 “Dsyz, °Psyz, “D3/né°Hs,
c 378.9 26392 *K1z/2, °P7/2€ Hs)a
d 407.1 24564 "Las/2, *Kazyz, ®P3ya, Lazj2€®Hs)2
e 418.4 23901 ®Ps/3, *Ps/2¢-CHs
f 449.2 22262 *Go/z, "M17/2¢®Hs/
g 467.0 21413 *13/2€Hsy2
h 480.3 20820 *l11/2, *M1s/2¢®Hs

[ 490.9 20371 *loja, *G7/2€ Hs)a
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3) Luminescence decay time of [Pggs 14]3[SMClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 599.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S44. The
luminescence decay time is calculated as 0.033 ms or 33 us.

Equation y = Al*exp(-x/t1) + y0
Adj. R-Square 0.98393
Value Standard Error
SmCI3[P66614] yO 20.37733 1.99849
Cl lifetime
SmCI3[P66614] A1 398.83748 3.4864
Cl lifetime
—~ SmCI3[P66614]  t1 32627.97626 705.12668
< Cl lifetime
=
©
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>
=
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Time (ms)

Fig. S44 Luminescence decay profile of [Pees 14]3[SMClg] upon excitation at 355.0 nm and
monitoring the emission decay at 599.0 nm.
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Fig. S44b Comparison of the emission spectra of [Pees14]3[SMClg], excited at 407.1 nm (black
line) and 377.1 nm (red line) and corrected for detector sensitivity.

Luminescence properties of sample [Pggg 14]3[CeClg]
1) Emission spectra

Upon excitation at 331.2 nm (30193 cm™), the sample shows a strong broad band with a
maximum at 358.5 nm (27894 cm™), and a shoulder with a maximum at 394.1 nm
(25374 cm™) (Fig. 51). Additional broad bands are visible in the spectrum.
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Emission intensity (a.u.)

350 400 450 500 550 600
Wavelength (nm)

Fig. S51 Emission spectrum of [Pggg 14]3[CeClg], excited at 331.2 nm and corrected for detector
sensitivity.

2) Excitation spectrum of [Pggs 14]3[CeClg]

Monitoring the emission of the sample at 394.1 nm (25374 cm™) the excitation
wavelength was varied between 250 nm and 380 nm to record an excitation spectrum
(Fig. S52). In the spectrum a broad band with a maximum at 331.2 nm is visible.
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Emission intensity (a.u.)

250 300 350
Wavelength (nm)

Fig. S52 Excitation spectrum of [Pggs 14]3[CeClg], monitored at 394.1 nm (uncorrected
spectrum).

3) Luminescence decay time of [Pggg 14]3[CeClg]

Upon excitation at 331.2 nm with a pulsed light source, the emission at 394.1 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S53. The
luminescence decay time is calculated as 0.597 us or 597 ns.
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Equation y = Al"exp(-xit1) + yO
Adj. R-Square 0.99585

Value Standard Error
ErCI3[P66614] y0O -1.39609 1.34063
Cl lifetime
ErCI3[P66614] A1 7579.51004 143.81935
Cl lifetime
ErCI3[P66614]  t1 596.87624 4.56864
Cl lifetime

Emission intensity (a.u.)

2000

Time (ns)

Fig. S53 Luminescence decay profile of [Pees 14]3[CeClg] upon excitation at 331.2 nm and
monitoring the emission decay at 394.1 nm.

Luminescence properties of sample [P4444]3[NdClg]
1) Emission spectra

Upon excitation at 580.0 nm (17241 cm'l), in the 2G7/2, 465/2 €4I9/2 transition, the sample
shows typical narrow Nd** emission peaks (Fig. 54). The peaks labelled a-c have been
assigned to the corresponding electronic transitions in Table S25.
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Emission intensity (a.u.)

800 900 1000 1100 1200 1300 1400 1500
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Fig. S54 Emission spectrum of [P4444]3[NdClg], excited at 580.0 nm (uncorrected spectrum).

Table S25. Assignment of the 4f-4f transitions in the emission spectrum of [P4444]3[NdClg].

Label A (nm) o (cm™) Transition
a 886.0 11287 *F3/2>%9)2
b 1065.0 9390 *F32> 1
c 1343.0 7446 *F3/2>132

2) Excitation spectrum of [P4444]3[NdClg]

Monitoring the emission of the sample at 1065.0 nm (9390 cm'l, 4F3/294I11/2 transition), the
excitation wavelength was varied between 250 and 850 nm to record an excitation
spectrum (Fig. S55). All the peaks in the spectrum can be assigned to transitions within the
Nd®* ion’s 4f shell. The peaks labelled a-i have been assigned to the corresponding
transitions in Table S26.
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Emission intensity (a.u.)

300 400 500 600 700 800
Wavelength (nm)

Fig. S55 Excitation spectrum of [P4444]3[NdClg], monitored at 1065.0 nm (uncorrected
spectrum).

Table S26. Assignment of the 4f-4f transitions in the excitation spectrum of [P4444]3[NdClg].

Label A (nm) ¥ (cm™) Transition
a 351.0 28490 *Lis/2, *D1s2, *l11/2, “Dsya, “Daj2 &g
b 406.0 24631 *Dsya, 2P12€ o)
c 465.0 21505 *G11/2, 2D3/2, *P3/2, *Goya, *Ksa < loja
d 518.0 19305 *Goy2, “Gry2, *Kazjr €loj
e 580.0 17241 ’Gyya, Gy €loja
f 629.0 15898 Hy1/2¢19/2
g 682.0 14663 Fora oy
h 741.0 13495 *S3/0, *Fr2 €loja

i 797.0 12547 Hoa, *Fsj2 € loj2
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3) Luminescence decay times

Upon excitation at 355.0 nm with a pulsed light source, the emission at 1065.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S56. The
luminescence decay time is calculated as 1.575 ps or 1575 ns.

Equation y = Alexp(xt1) +y0

Adj. R-Square 0.99319

Value Standard Error
NdCI3[P4444] yO 0.95762 0.44314
Cl lifetime

NdCI3[P4444] | A1 724.6695 4.98531
Cl lifetime

NdCI3[P4444]
Cl lifetime

1575.11545 10.78146

Emission intensity (a.u.)

2500 5000 7500
Time (ns)

Fig. S56 Luminescence decay profile of [P4444]3[NdClg] upon excitation at 355.0 nm and
monitoring the emission decay at 1065.0 nm.

Luminescence properties of sample [P4448]3[NdClg]
1) Emission spectra

Upon excitation at 582.0 nm (17182 cm'l), in the 2G7/2, 465/2 €4I9/2 transition, the sample
shows typical narrow Nd** emission peaks (Fig. S57). The peaks labelled a-c have been
assigned to the corresponding electronic transitions in Table S27.
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Fig. S57 Emission spectrum of [P4445]3[NdClg], excited at 582.0 nm (uncorrected spectrum).

Table S27. Assignment of the 4f-4f transitions in the emission spectrum of [P4448]3[NdClg].

Label A (nm) ? (cm™) Transition
a 897.0 11148 *F3/2>%9)2
b 1063.0 9390 *F32> 1
c 1336.0 7485 *F3/2>132

2) Excitation spectrum of [P4443]3[NdClg]

Monitoring the emission of the sample at 1065.0 nm (9390 cm‘l, 4F3/294I11/2 transition), the

excitation wavelength was varied between 250 and 850 nm to record an excitation

spectrum (Fig. S58). All the peaks in the spectrum can be assigned to transitions within the

Nd®* ion’s 4f shell. The peaks labelled a-g have been assigned to the corresponding
transitions in Table S28.
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Emission intensity (a.u.)
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Fig. S58 Excitation spectrum of [P4445]3[NdClg], monitored at 1065.0 nm (uncorrected
spectrum).

Table S28. Assignment of the 4f-4f transitions in the excitation spectrum of [P444g]3[NdClg].

Label A (nm) o (cm™) Transition
a 353.0 28329 2L1s/2, *Dasa, 211/, *Dsya, *Daj2 €y
b 467.0 21413 “Gi1/2, *D3j2, *P3s2, 2Goya, *Kasjy € loja
c 526.0 19011 *Goy2, “Gry2, *Kazpr €loj
d 582.0 17182 ’Gyya, "Gy €loja
e 682.0 14663 *Fos2 &*los
f 744.0 13441 372, "F72 <l

g 799.0 12516 Hoa, *Fsj2 € loj2
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3) Luminescence decay times

Upon excitation at 355.0 nm with a pulsed light source, the emission at 1065.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S59. The
luminescence decay time is calculated as 2.470 ps or 2470 ns.

Equation y = AT"exp(-xtT) + y0

Adj. R-Square 0.99627

Value Standard Error
NdCI3[P4448] y0 25.99601 1.79502
Cl lifetime

NdCI3[P4448] A1 3678.19341 21.58682
Cl lifetime

NACI3[P4448]
Cl lifetime

2470.33488 13.50195

Emission intensity (a.u.)

2500 5000 7500 10000 12500
Time (ns)

Fig. S59 Luminescence decay profile of [P4443]3[NdClg] upon excitation at 355.0 nm and
monitoring the emission decay at 1065.0 nm.

Luminescence properties of sample [Pgge 14]3[NdClg]
Luminescence decay times [Pggs 14]3[NdCle]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 1064.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S62. The
luminescence decay time is calculated as 2.470 ps or 2470 ns.
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Equation y = Al"exp(dt1) + y0

Adj. R-Square 0.99403
Value Standard Error

NdCI3[P66614]CI yO 30.59581 2.06725

lifetime

NdCI3[P66614]CI A1 2235.0012 18.16484

lifetime

NdCI3[P66614]CI t1 2470.31923 20.57948
lifetime

Emission intensity (a.u.)

2500 5000 7500 10000
Time (ns)

Fig. S62 Luminescence decay profile of [Pees 14]3[NdClg] upon excitation at 355.0 nm and
monitoring the emission decay at 1064.0 nm.

Luminescence properties of sample [P444]3[ErCle]
1) Emission spectra

Upon excitation at 355.0 nm (28169 cm'l), in the 4G11/2€4I15/2 transition, the sample shows
only one narrow emission peak of Er’* (Fig. $63). This peak, with a maximum at 1545.0 nm
(6472 cm'l), can be assigned to the 4I13/294I15/2 “telecom” transition. The emission was very
weak and 20 scans were needed to record the spectrum presented below.
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Emission intensity (a.u.)

1450 1500 1550 1600 1650
Wavelength (nm)

Fig. S63 Emission spectrum of [P4444]3[ErClg], excited at 355.0 nm (uncorrected spectrum).
2) Excitation spectrum

Monitoring the emission of the sample at 1545.0 nm (6472 cm'l, 4I13/294I15/2 transition), the
excitation wavelength was varied between 250 and 700 nm to record an excitation
spectrum (Fig. S64). Three peaks are visible in the spectrum and can be assigned to
transitions within the Er®" ion’s 4f shell. The peaks labelled a-c have been assigned to the
corresponding transitions in Table S31.
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Fig. S64 Excitation spectrum of [P4444]3[ErClg], monitored at 1545.0 nm (uncorrected
spectrum).

Table S31. Assignment of the 4f-4f transitions in the excitation spectrum of [P4444]3[ErClg].

Label A (nm) ¥ (cm™) Transition
a 383.0 26110 G112 1)
b 464.0 21552 *F3/2, *Fs2, "F726 152
c 525.0 19048 *Hi1/2¢ 15/

3) Luminescence decay times of [P4444]3[ErCle]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 1545.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S65. The
luminescence decay time is calculated as 2.066 ps or 2066 ns.
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Equation y = Al*exp(-x/t1) + yO

| Adj. R-Square 0.9729
Value Standard Error
ErCI3[P4444]CI yO 5.37119 0.36182
T lifetime
W
ErCI3[P4444]CI A1 165.48891 1.49991
N lifetime

' | i ErCI3[P4444]CI t1 2066.00961 29.73112
Iy lifetime

Emission intensity (a.u.)

'i\“\ ‘

I il i

L } WHWHWW
Time (ns)

Fig. S65 Luminescence decay profile of [P4444]3[ErClg] upon excitation at 355.0 nm and
monitoring the emission decay at 1545.0 nm.

Luminescence properties of sample [P448]3[ErClg]
1) Emission spectra

Upon excitation at 355.0 nm (28169 cm'l), in the 4611/2€4I15/2 transition, the sample shows
only one narrow emission peak of Er’* (Fig. $66). This peak, with a maximum at 1545.0 nm
(6472 cm'l), can be assigned to the 4I13/294I15/2 transition. As in the previous case the
emission was very weak and 20 scans were needed to record the emission spectrum
presented below.
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Emission intensity (a.u.)
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Wavelength (nm)

Fig. S66 Emission spectrum of [P4448]3[ErClg], excited at 355.0 nm (uncorrected spectrum).
2) Excitation spectrum of [P44s]3[ErCle]

Monitoring the emission of the sample at 1545.0 nm (6472 cm'l, 4I13/294I15/2 transition), the
excitation wavelength was varied between 250 and 700 nm to record an excitation
spectrum (Fig. S67). Four peaks are visible in the spectrum and can be assigned to
transitions within the Er** ion’s 4f shell. The peaks labelled a-d have been assigned to the
corresponding transitions in Table S32.
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300 400 500 600 700
Wavelength (nm)

Fig. S67 Excitation spectrum of [P4448]3[ErClg], monitored at 1545.0 nm (uncorrected
spectrum).

Table S32. Assignment of the 4f-4f transitions in the excitation spectrum of [P444g]3[ErClg].

Label A (nm) o (cm™) Transition
a 382.0 26178 *G112¢ 152
b 468.0 21368 *F3/2, *Fss2, o€ lis2
c 523.0 19120 *Hi1/2¢ 15/
d 660.0 15152 *Foa&"l1s/2

3) Luminescence decay times of [P44s]3[ErCle]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 1545.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S68. The
luminescence decay time is calculated as 2.736 ps or 2736 ns.
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Equation y = Al"exp(=dtl) + y0
Adj. R-Square 0.95034
/| \ Value Standard Error
W EICI3[P4448ICI yO 495258 042971
i lifetime
I I EICI3[P4448ICI A1 99.13134 1.1437
il 1 lifetime
i ErCI3[P4448]CI t1 2736.40932 61.82366
i lifetime

‘\]

.‘r‘ ‘l‘ lh””

Emission intensity (a.u.)
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Fig. S68 Luminescence decay profile of [P4443]3[ErClg] upon excitation at 355.0 nm
and monitoring the emission decay at 1545.0 nm.

Luminescence properties of sample [Pege 14]3[ErCls]
1) Emission spectra

Upon excitation at 375.0 nm (26667 cm'l), in the 4611/2€4I15/2 transition, the sample shows
only one narrow emission peak of Er** (Fig. $69). This peak, with a maximum at 1543.0 nm
(6481 cm’l), can be assigned to the 4I13/294I15/2 transition.
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Fig. 69 Emission spectrum of [Pees 14]3[ErClg], excited at 375.0 nm (uncorrected spectrum).
2) Excitation spectrum of [Peeg 14]3[ErCls]

Monitoring the emission of the sample at 1543.0 nm (6481 cm'l, 4I13/294I15/2 transition) the
excitation wavelength was varied between 250 and 700 nm to record an excitation
spectrum (Fig. S70). Three peaks are visible in the spectrum and can be assigned to
transitions within the Er** ion’s 4f shell. The peaks labelled a-d have been assigned to the
corresponding transitions in Table S33.
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Fig. 70 Excitation spectrum of [Pgeg 14]3[ErCls], monitored at 1543.0 nm (uncorrected
spectrum).

Table S33. Assignment of the 4f-4f transitions in the excitation spectrum of [Pggg 14]3[ErCle].

Label A (nm) ¥ (cm™) Transition
a 382.0 26178 *G11/2€ s/
b 465.0 21505 *F3/2, *Fs2, "F726 152
c 525.0 19048 *Hi1/2¢ 15/
d 655.0 15267 *Foa¢l1s/2

3) Luminescence decay times of [Pggg 14]3[ErClg]

Upon excitation at 355.0 nm with a pulsed light source, the emission at 1543.0 nm shows a
mono-exponential decay profile. The luminescence decay profile is given in Fig. S71. The
luminescence decay time is calculated as 2.725 ps or 2725 ns.
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Equation y = AT"exp(-x/tT) + y0

w Adj. R-Square 0.98933
N Value Standard Error
; ErCI3[P66614] yO 15.23 1.02795
i Cl lifetime

V \ ErCI3[P66614] A1 499.44733 2.3241
| Cl lifetime

W ErCI3[P66614]  t1 2725.25846 27.26554
i Cl lifetime

Emission intensity (a.u.)
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Fig. S71 Luminescence decay profile of [Peeg 14]3[ErClg] upon excitation at 355.0 nm and
monitoring the emission decay at 1543.0 nm.

Some excitation spectra and all near infrared emission spectra included in the report have
not been corrected for the detector response. To explain this, we have included a corrected
excitation spectrum of sample [P4444]3[TbClg] to show the effect of such correction. In Fig.
S72, the short wavelength part of the spectrum is blown out of proportion, because the
detector has hardly any sensitivity at these wavelengths and as a result, overcompensates.
The relative intensities of the transitions shown in this wavelength range would not have
changed after correction and can therefore be trusted.
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Fig. S72 Excitation spectrum of TbCl5[P4444]Cl, monitored at 546.2 nm and corrected for
detector.
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Table S34: CHN results for the [P4444]3[RECl¢] series, [Pgss 14]3[RECls] (with RE = La, Ce, Pr, Nd, Sm, Eu,
Gd, Tm, Th, Dy, Ho, Er, Yb, Lu, Y, Sc) and the selected examples of the series [P4445]3[REClg] (with RE =
Ce, Pr, Nd, Sm, Eu, Gd, Tm, Th, Dy, Ho, Er, Yb, Lu, Y, Sc).

RE metal [Paaaa]” / CHN (calc %; found %) [Paass]” / CHN (calc %; found %) [Pees 1a]° / CHN (calc %; found %)

La CHN(calc): C, 51.02; H, 9.63; CHN(calc): C, 63.94; H, 11.40;
CHN(found): C, 50.91; H, 9.58 CHN(found): C, 63.60; H, 11.28

Ce CHN(calc): C, 50.97; H, 9.62; CHN(calc): C, 55.46; H, 10.24; CHN(calc): C, 63.90; H, 11.40;
CHN(found): C, 50.73; H, 9.53 CHN(found): C, 55.54; H, 10.22 CHN(found): C, 63.82; H, 11.27

Pr CHN(calc): C, 50.93; H, 9.62; CHN(calc): C, 63.87; H, 11.39;
CHN(found): C, 50.78; H, 9.25 CHN(found): C, 63.55; H, 11.40

Nd CHN(calc): C, 50.78; H, 9.59; CHN(calc): C, 55.28; H, 10.21; CHN(calc): C, 63.76; H, 11.37;
CHN(found): C, 50.60; H, 9.44 CHN(found): C, 55.60; H, 10.01 CHN(found): C, 63.51; H, 11.33

Sm CHN(calc): C, 50.51; H, 9.54; CHN(calc): C, 55.02; H, 10.16; CHN(calc): C, 63.54; H, 11.33;
CHN(found): C, 50.19; H, 9.43 CHN(found): C, 55.60; H, 9.97 CHN(found): C, 63.36; H, 11.31

Eu CHN(calc): C, 50.44; H, 9.52; CHN(calc): C, 54.96; H, 10.15; CHN(calc): C, 63.48; H, 11.32;
CHN(found): C, 50.33; H, 9.45 CHN(found): C, 54.60; H, 10.04 CHN(found): C, 63.19; H, 11.22

Gd CHN(calc): C, 50.21; H, 9.48; CHN(calc): C, 63.30; H, 11.29;
CHN(found): C, 50.04; H, 9.47 CHN(found): C, 63.33; H, 11.24

Tb CHN(calc): C, 50.13; H, 9.47; CHN(calc): C, 54.67; H, 10.09; CHN(calc): C, 63.24; H, 11.28;
CHN(found): C, 49.95; H, 9.39 CHN(found): C, 54.47; H, 9.83 CHN(found): C, 62.97; H, 11.15

Dy CHN(calc): C, 49.98; H, 9.44; CHN(calc): C, 54.52; H, 10.07; CHN(calc): C, 63.12; H, 11.26;
CHN(found): C, 49.81; H, 9.32 CHN(found): C, 54.58; H, 10.28 CHN(found): C, 62.88; H, 11.14

Ho CHN(calc): C, 49.87; H, 9.42; CHN(calc): C, 63.03; H, 11.24;
CHN(found): C, 49.74; H, 9.42 CHN(found): C, 62.79; H, 11.26

Er CHN(calc): C, 49.77; H, 9.40; CHN(calc): C, 54.32; H, 10.03; CHN(calc): C, 62.95; H, 11.23;
CHN(found): C, 49.69; H, 9.36 CHN(found): C, 54.15; H, 9.79 CHN(found): C, 62.83; H, 11.03

Tm CHN(calc): C, 49.70; H, 9.38; CHN(calc): C, 62.90; H, 11.22;
CHN(found): C, 49.62; H, 9.29 CHN(found): C, 62.91; H, 11.40

Yb CHN(calc): C, 49.53; H, 9.35; CHN(calc): C, 62.76; H, 11.19;
CHN(found): C, 49.39; H, 9.25 CHN(found): C, 62.84; H, 11.07

Lu CHN(calc): C, 49.44; H, 9.34; CHN(calc): C, 62.69; H, 11.18;
CHN(found): C, 49.26; H, 9.29 CHN(found): C, 62.50; H, 11.06

Y CHN(calc): C, 53.39; H, 10.08; CHN(calc): C, 65.77; H, 11.73;
CHN(found): C, 53.27; H, 9.90 CHN(found): C, 65.62; H, 11.69

Sc CHN(calc): C, 55.65; H, 10.51; CHN(calc): C, 67.46; H, 12.03;

CHN(found): C, 55.58; H, 10.41

CHN(found): C, 67.14; H, 11.93
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Figure S73. Magnetic susceptibility measurements for Er, Dy, Th, Ho, Gd, (left) and Nd (right)
samples in the temperature range 180K-330K, collected on heating with an applied field of 5000e.
The symbols represent the experimental data and the lines show the Curie-Weiss fits used to
determine the effective magnetic moments. The Nd data shows error bars associated with the
uncertainty in the measurement and the maximum and minimum lines of best fit.

Table $35. Curie constants and Weiss temperatures calculated from magnetic susceptibility for Er,
Dy, Nd, Ho, Gd and Th samples.

Lanthanide lon | Curie Constant, C, Weiss
(emu K mol* 0e™) | Temperature, 6
(K)
Dy 12.9+2.4 0+43.8
Nd 1.9+0.4 -49.5+63.8
Er 11.242.1 -6.2+44.7
Tb 10.74£1.8 2.7+38.6
Ho 12.612.4 -3.8%45.0
Gd 7.4£1.1 -1.5+42.8




