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Experimental Part
Synthesis of analytes used in sensing studies

2,4,6-Trinitrotoluene

TNT was synthesized by mononitration of DNT with a mixture of concentrated sulfuric and
fuming nitric acid in a 5:2 ratio (V/V). The DNT:nitric acid molar ratio is calculated to be 1:2.
The flask is slowly heated to 110 °C, and the reaction is allowed to occur for 1 h. The mixture
is cooled to 80 °C and then distilled water is gently added. The mixture is transferred to a
separation funnel, and the upper layer is separated and washed sequentially with distilled water
and sodium carbonate solution. The so-obtained solid is recrystallized in an ethanol/toluene
(95%, 5%) solution, weighted and purified with sodium sulfite solution with a TNT:sulfite
molar ratio of 10:1. A small aliquot is dissolved in ethanol and analyzed with an ion trap
spectrometer (HCT, Bruker-Daltonics). The mass (MS) and fragmentation (MS/MS) spectra

recorded in positive mode is consistent with the results reported in the literature.!

Triacetone triperoxide

A 1:1 molar ratio mixture of acetone and aqueous 30% wt hydrogen peroxide was placed in an
ice bath to keep the temperature of the mixture at 0-5°C all the time. Under magnetic stirring,
37% wt HCI (1.3 equivalents) was added drop by drop. After 1 hour, a white precipitate had
formed. Next, the product was filtered, washed with cold distilled water, and dried in air.
Finally, the product was recrystallized in dichloromethane and characterized by mass

spectrometry which proved the obtention of the desired product.”



Table S1: Selected Crystal Data for UCY-15(RE).

Compound ~ UCY-15(Y) UCY-15(Eu) UCY-15(Gd) UCY-15(Tb) UCY-15(Dy) UCY-15(Ho)
Empirical CpsHisNO»S,  CysHigNO2»S,;  CosHiNO2S;  CygHisNO»S,  CosHigNO2S; CpgHieNO2»S,
formula Y; Eus Gd, Tbs Dy, Ho,
Formula 1049.27 1238.45 1254.29 1259.3 1270.04 1277.33
weight
Temﬁawe 104(2) 105(4) 102.8(9) 103.8(9) 103.8(8) 105(1)
Wav/efngth 1.54184 1.54184 1.54184 1.54184 1.54184 1.54184
S}zitﬂ Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space group C2/m C2/m C2/im C2/m C2/m C2/m
a/A 29.232(8) 29.457(2) 29.272(2) 29.298(6) 29.243(1) 29.360(9)
b/ A 18.441(8) 18.607(8) 18.611(1) 18.510(4) 18.498(1) 18.475(6)
c/A 14.630(4) 14.691(1) 14.579(6) 14.423(3) 14.460(3) 14.691(6)
a=y/° 90 90 90 90 90 90
B/o 104.3(3) 103.8(5) 103.9(5) 103.5(2) 103.8(2) 104.3(3)
Volume / A3 7642.3(5) 7819.7(8) 7708.8(7) 7605.3(3) 7598.0(3) 7721.7(4)
z 4 4 4 4 4 4
deate./ g/em? 0912 1.054 1.078 1.1 1.11 1.099
Absorption
coefficient / 3.885 17.869 17.333 14.381 16.448 6.394
mm'!
F(000) 2064 2352 2364 2376 2388 2400
Reflections 14335 14902 17267 15142 14568 23966
collected
Independent 6989 7205 7786 7006 7010 7092
reflections
Completenes 99.20% 99.80% 99.80% 99.90% 99.80% 99.50%
stof= [R(int) = [R(int) = [R(int) = [R(int) = [R(int) = [R(int) =
66.999° 0.0594] 0.0559] 0.0741] 0.0344] 0.0403] 0.0416]
Data /
. 6989/16/ 7205/16/ 7786/ 16/ 7006 /25/ 6997 /22/
restraints / 262 262 262 262 262 7092/1/262
parameters
Goodness- 1.068 0.98 1.039 1.01 1.027 1.083
of-fit
Final R RobsA = (f{(;bég; RobsA = Robs. = RobsA = Robs. =
indices [ >  0.0849, wR . VV-R :’ 0.0845, wRyps,  0.0479, wRy,,  0.0513, wRy,,  0.0588, Ry
26(D)] =0.2560 0 s =0.2423 =0.1359 =0.1467 =0.1792
. Ry =0.1199, R,;=0.0790, R, =0.1119, R,;;=0.0565, R,;;=0.0583, R,;=0.0655,
R indices _ _ _ _ _ _
[all data] WRy = WR, = WRy = WR, = WRy = WR, =
0.2814 0.1951 0.2833 0.1402 0.1517 0.1893

R = X||F|-|Fd|| / Z[F,|, WR = {Z[W(|Fo|? - [F|?)?] / Z[W(|Fo|4)]} " and
bw=1/[6%(F,2)+(mP)?+nP] where P=(Fo2+2Fc?)/3 and m and n are constants



Physical Measurements/Characterization of UCY-15(RE) (RE: Y, Eu, Gd,
Tb, Dy, Ho, Er)
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Figure S1: Powder X-ray diffraction pattern of the as synthesized compounds UCY-15(RE),
along with the simulated pattern of UCY-15(Y) from the single crystal data.
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Figure S2: IR spectra of H;SDBA and the as synthesized compounds UCY-15(RE).

Functional Group IR frequency (cm™!)
H,SDBA UCY-15(RE)
v(O-H), H,0 _ ~3400
v(=C-H)-p 3099, 864 866
v(-CH; DMF) - 2927, 2852
v(C=0, DMF) - 1660
V(C=0)an 1685 1630
V(C=0)sym - 1406
v(N-O), NO;- _ 1384
V(S=0) ¢ 1278 1296
V(S=0)eym 1159 1161

Table S2: IR peaks assignment.
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Figure S3: '"H-NMR spectrum of as synthesized UCY-15(Y) digested in 0.5M KOH in D,0.
These data indicate the presence of the organic ligand SDBA?- as well as HFBA and DMF
molecules in UCY-15(Y). '"H NMR (D,0): 6 4.79 (s, residual solvent peaks), & 2.74 (s, 3H, CH;,
DMF), § 2.9 (s, 3H, CH,, DMF), § 7.82 (s, H, CHO, DMF), § 7.05-7.51 (m, 4H, Ar-H, FBA-), 5 7.86-
7.89 (d, 4H, Ar-H, SDBA2), § 7.91 — 7.94 (d, 4H, Ar-H, SDBA2).
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Figure S4: "F-NMR spectrum of as synthesized UCY-15(Y) digested in 0.5M KOH in D,0.
These data indicate the presence of the modulator HFBA and F- anions in UCY-15(Y). 1°F NMR

(D,0): § -116.44 (HFBA), § -121.99 (F-).34



Determination of the amount of F- anions per (Y3*)¢ SBU in bulk UCY-15(Y) microcrystalline
powder: In order to quantify the amount of F- anions per (Re*")s SBU Fq-NMR measurements were
performed. For this purpose, a trifluoroacetic acid (TFA) solution in D,O was used as an external
standard. Prior the '?Fq-NMR experiment, the concentration of the trifluoroacetic acid (TFA) solution
was determined using NaF solutions with known concentration. Afterwards microcrystalline powder of
UCY-15(Y) (~ 10 — 15mg in each experiment) was digested in a 0.5M KOH solution and then 500 pL
of the resulting solution was transferred to the NMR tube along with the microprobe tube containing
the external standard (the known concentration trifluoroacetic acid (TFA) solution). The experiment

was repeated three times.>
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Figure S5: "Fq-NMR calibration spectra of the TFA solution external standard using NaF
solutions of known concertation. TFA concentration was found equal to 4.4 £ 0.6mM. !°F

NMR (D,0): § -75.71 (TFA), 5 -121.99 (F").
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Figure S6: ’"Fq-NMR spectra of as synthesized UCY-15(Y) digested in 0.5M KOH in D,O
along with the TFA solution external standard. These studies indicated that UCY-15(Y) contains
~2.9 + 0.4 F-anions / (Y*")s SBU. Moreover, the quantity of the trapped HFBA molecules was
found to be ~0.29 = 0.04 HFBA / (Y?**)s SBU. ?F NMR (D,0): 5 -75.71 (TFA), 5 -116.44 (FBA"),
0-121.99 (F).
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Figure S7: TGA graphs of the as synthesized compounds UCY-15(RE) ((a) RE=Y, (b) RE =
Eu, (c) RE = Gd, (d) RE = Tb, (e) RE = Dy, (f) RE = Ho, (g) RE = Er). TG analysis reveals
that the thermal decomposition of compounds UCY-15(RE) proceeds via a two-step process.
The first step (until ~460-480°C) is attributed to the removal of the terminal water molecules
and lattice DMF molecules. The second mass loss which is completed at ~650°C for UCY-
15(RE) is attributed to the decomposition of the ligand OBA?. Lastly the residual mass at
900°C corresponds to the rare earth oxide of the corresponding RE™ ion. Details on calculated
values for solvent removal and ligand decomposition along with the experimental values

obtained from TG analysis are shown in Table S2.
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Figure S8: Variable temperature powder X-ray diffraction patterns of activated UCY-15(Y).
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Table S3: Calculated values for solvent removal and ligand combustion along with the experimental values obtained from TG analysis for the as

synthesized compounds UCY-15(RE).

Lattice Solvent Removal Ligand Combustion Residual Oxide
Compound Temperature Experimental Temperature Experimental Temperature Experimental
MF (Calculated) Formula
(°C) (Calculated) (%) (°O) %) (°C) (Calculated) (%)

UCY-15(Y) r.t. - 480 29 (29) 10 480 - 680 46 (47) 900 25 (24) Y,0;
UCY-15(Eu) r.t. - 460 31 (32) 14 460 - 630 37 (38) 900 32 (30) Eu,05
UCY-15(Gd) r.t. - 460 32 (32) 14 460 - 650 37 (38) 900 31 (31) Gd,04
UCY-15(Tb) r.t. - 460 35(35) 16 460 - 690 33 (34) 900 32 (31) Tb4O4
UCY-15(Dy) r.t. - 470 32 (33) 15 470 - 680 36 (37) 900 32 (31) Dy,03
UCY-15(Ho) r.t. - 470 33 (33) 15 470 - 650 36 (36) 900 31 (31) Ho,04
UCY-15(Er) r.t. - 470 34 (35) 17 470 - 670 35(35) 900 29 (30) Er,04
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Figure S9: Powder X-ray diffraction patterns of as synthesized UCY-15(Y) treated (as
described in the experimental part) in CHCI; and MeCN for 10 days.
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Figure S10: '"H-NMR spectra of UCY-15(Y) after treatment with a) CHCI; and b) MeCN digested

in 0.5M KOH in D,0. These data indicate the absence of DMF molecules and the presence of
the organic ligand SDBA? as well as HFBA in UCY-15(Y). 'H NMR (D,0):a) § 7.88-7.91 (d,
4H, Ar-H, SDBAZ), § 7.92 — 7.95 (d, 4H, Ar-H, SDBAZ). b) § 2.02 (s, 3H, CH;CN), § 4.9 (s, residual
solvent peaks), 6 7.94 — 7.97 (d, 8H, Ar-H, SDBA?), 6 7.99 — 8.02 (d, 4H, Ar-H, SDBA?).
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Gas Sorption Measurements
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Figure S11: BET plot from N, adsorption isotherm at 77K for UCY-15(Y).
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Figure S12: Langmuir plot from N, adsorption isotherm at 77K for UCY-15(Y).
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Figure S13: N, adsorption isotherm recorded at 77K and the corresponding NLDFT fitting for

UCY-15(Y).
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distribution curve of UCY-15(Y) calculated by NLDFT.
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Low pressure CO,, sorption isotherms, determination of heat of adsorption.

Heat of adsorption: To calculate heats of adsorptions, the corresponding adsorption isotherms
at three different temperatures (273 K, 283K and 293 K) were simultaneously fitted using the

virial type®’ Equation 1:

1 & o |
InP= lnN+—Zal.N’ + Zbl.Nl
T i=0 i=0 (1)
The heat of adsorption at zero coverage was calculated from Equation 2, where as a function

of surface coverage, from Equation 3:

Qst - _Rao (2)

m
i
0, (N)=-R> a,N
=0 G
For the determination of the isosteric heat of adsorption using the Clausious - Clapeyron

equation a commercially available software, ASiQwin (version 3.01) purchased from

Quantachrome, was used.
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Figure S15: CO, adsorption isotherm of UCY-15(Y) at 273 K, 283K and 298 K.

17



6.5-
6.0 -
| ° 273K
22 e 283K
5 e 208K
250 — Virial Fit 273K
C — Virial Fit 283K
£ 5 Virial Fit 298K
] Chi*2/DoF = 0.00035
4.0+ RA2 = 1.00000
3-5 I Er EAR RN |
41 T.iEG3SC—
i s wana
I T I ; I | T‘ul LU B %Y LETIET = 4

Qi g 40 60 80 100
CO, adsorbed (STP) (mg/g)

Figure S16: Virial type fitting of CO, adsorption isotherms of UCY-15(Y) at 273 K, 283 K
and 298 K according to equation 1.
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Figure S17: CO, isosteric heat of adsorption in UCY-15(Y) as a function of surface coverage.
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Photoluminescence Studies
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Figure S18: Normalized solid state excitation (A, =433 nm, 23095cm!) and emission spectra
(Aexc = 325 nm) of the as synthesized compounds UCY-15(Y) and UCY-15(Gd) and excitation
(Aem = 427 nm) and emission spectra (Aexe = 338 nm) of Na,SDBA.

19



UCY-15(Eu)
1000 "
Fitting
hexe. = 302nm
Xem, = 613nm
é 100 . Equation ¥ = Alexp(-x/tT) + y0
@ ] N ‘
(]C) Ao = Value Standard Error
-~ Intensity yo -1.43253 0.47028
E Intensity Al 925 74767 226359
Intensity t1 0.99536 0.004
10 4
T T
8 10
— UCY-15(Tb)
b) — Fitting
Aexe. = 303nm
Ao, = 943nm
1 00 __ Equation y = Al%exp(-xit1) + yO
] Adj. R-Square 098468
sy Value Standard Error
:' Intensity y0 -2.30706 047801
i Intensity A1 834 62916 1.84048
3, v 141915 000508
10 N
14 - s seme —
T T T T T
0 2 4 6 8 10

Figure S19: The decay of a) UCY-15(Eu) and b) UCY-15(Tb) at the indicated Ay, .

In the case of UCY-15(Eu), it is possible to calculate the radiative lifetime, TR, of Eu3*

from the analysis of the lanthanide emission profile using eqn. (1)® where Aymp,o is the

probability of spontaneous emission of the Dy, — ’F; transition in vacuo (14.65 s'!), 1t

is the refractive index of the material (estimated at 1.5%) and tot/Iyp is the ratio of the

total integrated intensity of the Eu** emission to the area of the °Dy — 7F; band. With
Eu __
the use of eqn. (2) we obtained a value of TR = 2.66 ms which led to an estimated value

.. . . CI)Eu = Ty /'[
for the emission quantum yield of the Eu?* ion, ~Eu ™~ °°/"R, of ca. 38%.
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Thin film characterisation and sensing studies
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Figure S20: p-XRD diffractogram of UCY-15(Y)@PDMS.
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Figure S21: Photoluminescence emission spectra of UCY-15(Y)@PDMS films before

(black line) and after (red line) exposure to saturated vapours of the indicated analytes.
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Figure S22: Photoluminescence emission spectra of UCY-15(Eu)@PDMS films before (black

line) and after (red line) exposure to saturated vapours of the indicated analytes.
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Figure S23: Photoluminescence emission spectra of UCY-15(Tb)@PDMS films before (black

line) and after (red line) exposure to saturated vapours of the indicated analytes.
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Figure S24: Powder X-ray diffraction patterns of the compound UCY-15(Y) and doped
analogues UCY-15(Y 100-x-yEuxTby) (x, y = 5, 7.5, 10) along with the simulated pattern from
single crystal data of UCY-15(Y).
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Figure S25: Normalized solid state emission spectra (A = 325 nm) of the as synthesized
compounds UCY-15(Y 9o.x-yEuTby) (x, y =5, 7.5, 10). In each luminescence spectrum a broad
band at ~430nm due to SDBA? emission as well as sharp bands at 578, 591, 613, 651, 699 nm
due to Eu*tand 487, 543 and 582 nm due to Tb3" ions, are observed.
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Figure S26: Chromaticity coordinates (CIE 1931) calculated from the corrected emission
profiles of UCY-15(Y), UCY-15(Eu), UCY-15(Tb) and UCY-15(Y 190-xyEuxThby) (X, y =5,
7.5, 10). This figure shows that the combination of the luminescence from SDBA?, Eu** and
Tb3" results in an analogue emitting white light with coordinates (0.339, 0.337).
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Table S4: Chromaticity coordinates of the UCY-15(Y 19-x-yEusTby) (x, y =5, 7.5, 10) doped
compounds.

Compound Coordinates

UCY-15(Y 1o-x-yEusTby) X y

UCY-15(Y9oEusTbs) 0.31 0.311
UCY-15(Yg;5EusThbys5) 0.268 0.226

UCY-15(YgsEusTby) 0.324 0.337
UCY-15(Yg75Eu;5Tbs) 0.339 0.337

UCY-15(YgsEu;oTbs) 0.362 0.335
UCY-15(YgsEu;5Tbys5) 0.339 0.3108

Figure S27: Digital photographs of UCY-15(RE) under a conventional UV lamp operating at
365nm. From left to right: UCY-15(Eu), UCY-15(Y ¢ EusTbs), UCY-15(Yg;5EusTb; 5),
UCY-15(YgsEusTby,), UCY-15(Yg75Eu;sTbs), UCY-15(YgsEu;oThs), UCY-

15(YgsEu; 5Tby5) and UCY-15(TDh).
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Figure S28: SEM-EDX mapping of UCY-15 samples: a) YooEusTbs, b) Yg75EusTbss, ¢) YgsEusThbg ,
d) Yg75Eu;5Tbs, €) YgsEuoTbs and ) YgsEu;sTb;s. In all cases, the images of the individual metal ions
and the overlay correspond to the region of interest (ROI) mapped in the crystal shown in the left
images. The equivalence of the scale bar is 50 pm.
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Table S5: The (%) ratio of Y3*, Eu** and Tb*" ions of UCY-15(Y 9o...,Eu,Tby) based on EDX

results. The error was estimated through the standard deviation (o) of three independent measurements.

Theoretical (%) Experimental (%)
Y (100-x-y) | Eu (x) | Tb (y) Y Eu Tb
UCY-15(YgoEusTbs) 90 5 5 |900+01]| 505 | 5+0.1
UCY-15(Ys7.5EusTby.s) 87.5 5 7.5 | 88.742.1| 5.540.8 | 5.8+0.3
UCY-15(YssEusTb) 85 5 10 186.041.4 | 5.740.8 | 7.4+1.3
UCY-15(Y7.5Eu7.5Tbs) 87.5 7.5 5 | 87.040.1 | 8.5+1.8 | 4.842.0
UCY-15(YssEu;Tbs) 85 10 S | 84.3+1.5 | 10.8+1.4 | 5.2+3.1
UCY-15(YssEuy5Tby 5) 85 7.5 7.5 1 86.0+0.1 | 7.5+0.7 | 7.0£0.1

Figure S29: Digital photographs of UCY-15(RE)@PDMS films illuminated with UV light (Aex=300-
375 nm). Top from left to right: UCY-15(Y), UCY-15(Eu) and UCY-15(Tb); bottom from left to
right: UCY-15(Y yEusTbs), UCY-15(Yg;5EusTb;5), UCY-15(YssEusTb,g), UCY-15(Ys7.5Eu; 5Tbs),
UCY-15(YssEu;(Tbs) and UCY-15(YgsEu;5Tby 5).
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Figure S30: Photoluminescence emission spectra of UCY-15(Y g7 sEusTb;5)@PDMS before (black
line) and after (red line) exposure to saturated vapours of the selected analytes.
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Table S6: Relative photoluminescence change (quenching, %) of UCY-15(Yg;5sEusTb;5)@PDMS
upon exposure to the different nitro-compounds. The concentration (v/v) was calculated at room
temperature (25°C).

Analyte Gas concentration® Quenching (%) i:;?j:iz(el()ipb")
TNT 7.23 ppb 78 10.8

TNP 0.98 ppb 16.9 17.2

DNT 346 ppb 82 0.2

DNB 1.16 ppm 30 0.03

DMNB 2.59 ppm 24.5 0.01
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Figure S31: Photoluminescence emission spectra of UCY-15(Y g7 sEusTb;5)@PDMS before (black
line) and after (red line) 5 min exposure to saturated vapours of the selected analytes.
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