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1. Experimental Details

The powder X-ray diffraction (XRD) patterns were recorded in the 26 range spanning from 3.5°
to 60.0° by using a Ragaku-D/Max 2500 diffractometer system under exposure of Cu K« radiation
(1.54 A) at room temperature.

5] magic-angle spinning (MAS) and ¥C cross-polarization (CP) MAS nuclear magnetic
resonance (NMR) spectra were obtained by using a Bruker Avance III 400 spectrometer at 400 MHz.
For recording »Si MAS signal, the measurement parameters were set at time between scans: 60.0 s,
plus length: 2.1 us, flip angle: 40.0° and 5 KHz spinning rate. For recording *C CP MAS signal, the
measurement parameters were set at time between scans: 1.5 s, pulse length: 3.0 us, CP contact time:
3500.0 ps and 12 KHz spinning rate.

Thermogravimetric (TG) measurements were performed from 75 to 800 °C with a 10 °C/min
heating speed under air atmosphere on SDT 2960 analyzer (Shimadzu, Japan).

2. Experimental Results

2.1. Powder XRD Patterns

In Figure S1, it gives out the XRD patterns of d-U(600), 2Eu(Oba)is(Phen)is@dU6,
6Eu(Oba)15(Phen)15@dU6, and 10Eu(Oba)15(Phen)1s@dU6 correspondingly related to curve 1, 2, 3
and 4, respectively. The coherent length L is calculated based on Scherrer equation [S1],
L=IA/(Acos0), in which I and A are intensity and integrated area of the peak around 21.0°,
respectively, in radians unit, yielding L=14.7 + 2.0 A for 6Eu(Oba)is(Phen)15@dU6 and 14.6 + 2.0 A
for dU(600), which is very close to that previously found for the di-ureasil host [S2]. The fact that
there are no significant changes in the patterns after the in-situ formation of the complex, suggests
that the local structure of the hybrid host remains essentially unaltered. We also note that, the
diffraction pattern of the 6Eu(Oba)15(Phen)15@dU6 also reveals very low intense diffraction peaks at
18.0°, 20.0° and 24.0° which also present in the Oba diffraction pattern, suggesting the clustering of
uncoordinated Oba in the gelation process, despite the fact that a transparent solution of Oba in
DMEF solution by ultrasonic treatment was obtained before added to d-UPTES(600) precursor. The
presence of Oba-related diffraction peaks is also more evident as Eu®* concentration increases from
2-10 mol%.
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Figure S1. XRD patterns of 1) d-U(600), 2) 2Eu(Oba)1.s(Phen)1.s@dU6, 3) 6Eu(Oba)1s(Phen)1s@dU6, and 4)
10Eu(Oba)1.s5(Phen)1s@dU6.

2.2. FT-IR Spectroscopy
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Figure S2. Infrared spectra of powders of Eu(NOs)s, Oba and Phen.
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2.3. 2951 MAS and 13C CP NMR Spectra
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Figure S3. a) Si MAS and b) 3C CP MAS NMR spectra of 6Eu(Oba)15(Phen)1s@dU6.
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2.4. TG and Thermal Stability Analyses
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Figure S4. TG curves for d-U(600) and 6Eu(Oba)15(Phen)1s@dU6.

2.5. DFT/TD-DFT Calculations
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Figure S6. Individual atomic contributions to the electron density distributions in a) HOMO and b)
LUMO of Oba, the areas of the circles are proportional to the atomic contributions, and only
contributions greater than 0.020 are shown.
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2.6. UV/vis Absorption Spectroscopy
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Figure S7. UV-Vis absorption spectrum of Oba in DMF solution (3.3x1075 mol/L).

2.7. Photoluminescence
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Figure S8. Phosphorescence emission spectrum of 6Gd(Oba)is@dU6 recorded under 270 nm
excitation at 12 K.
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Figure S9. Emission spectra of a) 6Eu(Oba)1.5@dU6, b) 6Eu(Phen)1s@d U6, ¢) 6Eu(Oba)1s(Phen)1s:@dU6
and d) 6Tb(Oba)15(Phen)1s@dU6
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Figure S10. a) Excitation (Aem=617 nm) and b) emission (Ae=285, 315, 330 and 393 nm) spectra of
6Eu@dU6 hybrid.



Polymers 2018, 10, 434

Normalization Intensity (a.u.)

Normalization Intensity

Normalization Intensity

9 of 15

0.1+
1.0+ a
0.8 = .
3 S e,
q n L |
0.64 4 e[
0.4 4
4 6 8 10
0.2 - Independent variable
0.0
0 2 4 6 8 10
Time (ms)
0.1,
1.0+ b
0.84" =
B 0.0 {m o 2AVAT Ny
» P
0.6- e
0.4 -
2 4 6 8 10
0.2 Independent variable
0.0 -
0 2 4 6 8 10
Time (ms)
0.11
1.0+ ¢
0.8 T b .
%0'0"{'-1'""#-_
0.6 - o
0.4
2 4 6 8 10
0.2 Independent Variable
0.0 -
0 2 4 6 8 10

Time (ms)



Polymers 2018, 10, 434

Normalization Intensity

Normalization Intensity

o o o o =
N L » (o] o
1 1 1 L 1

©
o
1

10 of 15

0.1+

Residual
o
o
|

4 6 10
Independent Variable
0 2 4 6 8 10
Time (ms)
0.1+
e
3 |
..3 0_0_#—
7]
(]
14
-0.1 r "
0 5 10 15 20
Independent Variable
0 4 8 12 16 20
Time (ms)

Figure S11. Decay curves for a) 6Eu@dU6, b) 6Eu(Oba)is@dU6, c¢) 6Eu(Phen)is@dU6, d)
6Eu(Oba)15(Phen)15@dU6 and e) 6Tb(Oba)15(Phen)15@dU6. The lines are fits to the experimental data
using mono-exponential functions (r2>0.9974) yielding t=0.772, 0.831, 0.917, 1.005 and 0.970 s.
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2.7. Photostability
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Figure S12. Excitation wavelength dependence of the d-U(600) emission.
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Figure S13. Photostability of d6Eu-1. Emission spectra under continuous irradiation at a) 295 nm and
b) 343 nm. c) Time dependence of the maximum emission intensity of the SDo—7F: transition under

continuous irradiation at 295 and 343 nm.

Calculation of the radiative (kr) and non-radiative probability constants (knr), quantum efficiency
(n) as well as the number of water molecules (nw) coordinated to the Eu3* ions.
The radiative probability constant, kr, can be calculated from the relative intensities of the
5Do—7F) (] = 0—4) transitions and it can be expressed as [S3,54]:

4
kr= (Ao-1E0-1/S0-1) Z (So-4/Eo-3)

j=0

@

where Ao-1 is Einstein’s coefficient of spontaneous emission between Do and “F1 levels, and Eo-
and So-j are the energy and the integrated intensity of the SDo—7F;transitions, respectively. Since the
5Do—7F1 transition does not depend on the local ligand field, it can be used as a reference for the
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whole spectrum. Since in vacuo, (Ao-1)va=14.65 s71, if an average index of refraction n equal to 1.5 was
considered, the value of Ao-1=113A(0-1)vac = 50 s [S5-57].
The non-radiative probability constant, knr, can be obtained from the experimental *Do lifetime:

ko= Texp_l— ke (2)
and the quantum efficiency, 7, is obtained from the following formula.
n= kr/(kr+knr) (3)

According to Horrocks [S8], nw can be estimated from the experimental decay time by the
empirical formula:

nw=1.1x (kexp—kr—0.31 ) (4)
Scheme 1
a
—_—0 9 o 0 —
o o
—O—\Si/\\/\hll )’LTJ\/G \I/“);toﬁ}g( \)};T)I\T/\\/\Si/_a_
—O/ H H H H \O -
a+c=2.5 and b=8.5 d-U(600)
b o c
(J\“/O/ o
(8] OH
Oba Phen
Scheme S1. Molecular structures of a) d-U(600), b) Oba and c) Phen.
Table S1. Dopant components of the prepared samples.
5 i Eu(NOs3);:6H20 | Tb(NOs3);-5H20 | Gd(NOs)s:6H20 | Oba | Phen DMF
amples
P (mg) (mg) (mg) (mg) | (mg) | (uL)
due
60ba@dU6 21.2 750
Phen@dU6 14.8
6Eu@dU6 24.5
6Eu(Oba), @dU6 245 212 750
6Eu(Phen)_@dU6 245 14.8
2Eu(Oba), (Phen),_@dU6 8.2 71 | 50 500
6Eu(Oba), ,(Phen) .@dU6 24.5 21.2 | 14.8 750
10Eu(Oba), ,(Phen), .@dU6 40.8 354 | 247 1000
6Tb(Oba), (Phen), @dU6 239 212 | 148 750
6Gd(Oba)i1s@dU6 20.4 21.2 750
Gdos1Eu0.0sTbo.os(Oba)1s(Phen)1.s@dU6 0.6 0.5 9.3 21.2 | 148 500

For syntheses of all samples, 1.0 g of d-UPTES(600) precursor, 960.7 uL of EtOH and 98.7 uL of HCl
(pH=2) were added.
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Table S2. Computational FMOs, absorption wavelength, oscillator strengths, and Siand T: energy

levels.
HOMO LUMO  Gap Absorption f Assignment S1 T1
(eV) (eV) (eV) (nm) (nm/cm?)  (nm/cm™)
-7.01 -1.98 -5.03 276 0.404 HOMO—-LUMO (98.5%) 313/31950  361/27700

Table S3. Calculated R values, quantum efficiencies and number of coordinated water molecules for
selected di-ureasils.

Hybrids 6Eu(Oba)i5@dU6 6Eu(Phen)is@dU6  6Eu(Oba)is(Phen)is@dU6
R 5.77 5.55 6.15
n 0.37 0.43 0.48
o 0.50 0.35 0.23

Aex (Nm) 275 295 295

Table S4. Quantum yield values for selected di-ureasils.

Sample Aex (nm) q
325 0.26+0.03
dU6Eu-1 295 0.39+0.04
275 0.350+0.04
325 0.40+0.04
dU6Eu-2 295 0.50+0.05
275 0.48+0.05
dU6Eu-3 275 0.12+0.01
275 0.23+0.02
dU6Tb-1 285 0.21+0.02
295 0.21+0.02
305 0.16+0.02
325 0.10+0.01

dU6GdTbEu-1 310 0.03+0.01
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