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1. Characterisation data for the silylated DMTPS derivative 

 

Figure S1. Attentuated total reflectance Fourier transform infrared (ATR-FTIR) spectrum of DMTPS-Sil. 

 

Figure S2. 1H nuclear magnetic resonance (NMR) spectrum of DMTPS-Sil in CD2Cl2 at 293 K.  
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Figure S3. 13C{1H} NMR spectrum of DMTPS-Sil in CD2Cl2 at 293 K. 

 

Figure S4. 29Si{1H} NMR spectrum of DMTPS-Sil in CD2Cl2 at 293 K. 
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2. ATR-FTIR spectrum for ureasil synthesis 

 

Figure S5. FTIR spectrum of the precursor Jeffamine ED-600, ICPTES and their product d-UPTES. Several 
distinctive features in the FTIR spectrum of dUPTES indicate the completion of the reaction between Jeffamine 
ED-600 and ICPTES:1 (1) The disappearance of isocyanate stretching centred at around 2270 cm-1. (2) The 
formation of a new band centred at around 3350 cm-1, which represents the N-H stretch of the newly-formed 
urea linkages. (3) Two new bands appeared at around 1635 and 1550 cm-1, corresponding to the C=O 
stretching and N-H bending of the newly-formed urea groups, respectively. 
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3. Time-dependent density functional theory calculations 

Full geometry optimization of the ground state and frequency calculations were performed with Density 
Functional Theory (DFT)2 using the hybrid Becke parameters exchange functional and the Lee-Yang-Parr non-
local correlation functional (B3LYP) implemented in the Gaussian 09 program suite3 using the 6-31+G(d,p) 
basis set and the default convergence criterion implemented in the program. Transition diagrams were 
obtained through TD-DFT calculations performed using the B3LYP functionals and the 6-311+G(d,p) basis set 
on the geometry of S0. 

 

Figure S6. Optimised structures of (a) DMTPS and (b) DMTPS-Sil. Atom labels: carbon (grey), hydrogen 
(white), silicon (purple), nitrogen (blue) and oxygen (red). Based on the optimised structures, the torsion angles 
calculated between silole and phenyl groups at the 2 and 5-positions are lower in DMTPS-Sil (42.9°) than 
those in DMTPS (46.7°) indicating improved conjugation in DMTPS-Sil. The phenyl rings at the 3- and 4-
positions are clearly unaffected by the presence of the lateral chains in the DMTPS-Sil structure.  

A/ 

 

B/ 

 

Figure S7. Representation of the energy levels and the main molecular orbitals involved in the electronic 
transitions of A/ DMTPS and B/ DMTPS-Sil obtained by TD-DFT B3LYP and the 6-311+G(d,p) basis set on 
the geometry of S0.  
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4. Confocal fluorescence microscopy (CFM) during the gelation process 

 

Figure S8. CFM images recorded throughout the gelation process using laser excitations of 405 nm (for 
DMTPS-dUPTES and DMTPS-Sil-dUPTES mixtures) and 488 nm (for LR305-dUPTES mixture), all samples 
with doping concentration of 1.4 mM. At time = 0 min, the gelling reagents are added to the lumophore-dUPTES 
solution mixture to initiate the gelation process. 
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5. Normalised emission spectra of DMTPS-dU(600) and DMTPS-Sil-dU(600) 

 

Figure S9．Photographs of small segments of (a) 1.4 mM DMTPS-dU(600) and (c) 1.4 mM DMTPS-Sil-
dU(600) under UV irradiation (365 nm) before and after immersed in acetone for 72 hours. Emission spectra 
of the filtered acetone solution used to immerse (b) DMTPS-dU(600) and dU(600) (λex = 370 nm)  and (d) 
DMTPS-Sil-dU(600) and dU(600) (λex = 390 nm). The weak and broad emission centred at around 450 nm, 
present in the emission spectra of both acetone solutions that are used to soak the DMTPS-Sil-dU(600) and 
blank dU(600), is attributed to the unreacted Jeffamine and/or dUPTES precursors that are dissolved into the 
solution.4 In addition, the sharp peaks located at around 410 and 440 nm are Raman scattering of liquid 
acetone when excited at 370 and 390 nm, respectively.5 This is explained in more detail in Figure S10 below.  
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6. Raman scattering of acetone 

 

Figure S10. Normalised emission spectra of acetone as a function of excitation wavelength under ambient 
conditions. The difference (in wavenumbers) between the spectral position of the excitation source and centre 
of the peak in the emission spectrum is a constant value of 2965 cm-1, which matches the IR peak position for 
the ν16 (A’) vibrational mode of liquid acetone,5 demonstrating that the sharp peaks located at around 410 and 
440 nm in Figure S9b and 9d, respectively, are due to Raman scattering of the liquid acetone. 

7. Photoluminescence Spectra of dU(600) and DMTPS-Sil 

 

Figure S11. Normalised excitation (dashed blue, λem = 390 nm) and emission (solid blue, λex = 350 nm) spectra 
of dU(600) and normalised absorption (solid green) and emission (dashed green, λex = 390 nm) spectra of 
DMTPS-Sil measured in a 10:90 (by volume) THF:H2O solvent mixture at a concentration of 20 μM. 
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8. Emission decay of DMTPS and DMTPS-Sil in THF/H2O solution 

 

Figure S12. Time-resolved emission measurements on AIEgens in solution. Emission decay curves (solid 
black lines) and corresponding fits (solid coloured lines) of (a) DMTPS-Sil and (b) DMTPS in THF and 10:90 
(v/v) THF:H2O solvent mixture, upon excitation at 375 nm and detection of the emission decay curves at 600 
nm. The weighted residuals for each fit and the instrument response function (IRF) (dashed pink line) are also 
shown. 
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Table S1. Decay lifetimes (τi), pre-exponential coefficients (αi), average lifetime (τavg) and chi-squared (χ2) 
resulting from the reconvolution analysis of emission decays of DMTPS-Sil and DMTPS in THF and 10:90 (v/v) 
THF:H2O solvent mixture, detected at the emission wavelength of 600 nm, upon excitation at 375 nm. The 
PLQY values of each sample are also reported in the table. 

Sample τ1 τ2 α1 α2 τavg χ2 PLQYa 

DMTPS-Sil/THF 0.52 1.92 0.97 0.03 0.65 1.22 3.1% ± 0.1% 

DMTPS-Sil/THF/H2O 0.54 1.93 0.94 0.06 0.80 1.16 8.0% ± 0.3% 

DMTPS/THF 0.32 3.45 0.99 0.01 0.63 1.39 -b 

DMTPS/THF/H2O 1.35 3.84 0.59 0.41 3.00 1.22 22.2% ± 7.6% 

aAverage values and errors are the mean and standard deviation of three independent measurements (λex = 
400 nm). b Emission not detectable. 

9. Emission maxima of DMTPS and DMTPS-Sil in solution and dU(600) matrix 

Sample 
DMTPS DMTPS-Sil 
λmax (nm) λmax (nm) 

20 uM THF - 520 
20 uM THF/H2O 487 517 

0.014 mM dU(600) 475 505 
0.14 mM dU(600) 475 509 
1.4 mM dU(600) 474 509 

Table S2. Emission maxima (λmax) of DMTPS and DMTPS-Sil measure in THF, 10:90 (by volume) THF:H2O 
solvent mixture and in dU(600) at varying concentrations. The excitation wavelength used to measure the 
emission spectra of DMTPS and DMTPS-Sil were 370 nm and 390 nm, respectively. 
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10. Data fitting procedure for fluorescence decay curves 

Fluorescence decays were measured for blank and DMTPS-Sil-doped dU(600) ureasils, upon excitation at 
375 and 420 nm to selectively detect the emission from dU(600) (390 nm) and DMTPS-Sil (650 nm), 
respectively. All fluorescence decays detected show complex multi-exponential behaviour, with two or three 
exponential components required to fit the data. In theory, a multi-exponential decay function can be described 
by the following equation: 

 𝐼(𝑡) =&𝛼!exp	(−
𝑡
𝜏!
)

!

 
(S1) 

where I(t) is the theoretical emission intensity at any given time t, αi and τi are the pre-exponential factor and 
the characteristic lifetime for component I, respectively. This equation models the response of a sample to an 
infinitely sharp excitation (δ-function) and αi represents the fraction of molecules with each decay component 
at t = 0.6 

The fractional contribution fi of each component to the overall steady-state intensity of the fluorescence 
emission can be calculated based on formula below: 

 
𝑓! =

𝛼!𝜏!"
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The average emission lifetime <τ> can be calculated from: 

 
< 𝜏 >	= 	

∑ 𝛼!𝜏!"

∑𝛼!𝜏!
 

(S3) 

However, the excitation pulse is never an infinitely sharp δ-function in reality and the instrument response 
function (IRF), including the width of the excitation pulse and various electronic responses of the instrument, 
must be taken into account. Therefore, the theoretical emission decay (I(t)) of the sample is reconvoluted with 
the IRF in the form below: 

 
𝐼#(𝑡) = 	, 𝐸(𝑡#)𝐼(𝑡 − 𝑡#)𝑑𝑡#

$

%
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where E(t) is the excitation pulse and I’(t) is the experimental emission intensity at any given time t. This 
equation describes that I’(t) is calculated from the sum of intensities expected for all δ-function excitation pulses 
that occur until time t, where the excitation pulse is comprised of a series of functions with different amplitudes.6 

Non-linear least square analysis was then used to fit the measured emission decay based on the model 
described above. αi and τi were varied until χ2, the goodness-of-fit parameter, is at minimum, a method known 
as iterative deconvolution:  
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where n is the number of data points, yi is the experimental data and fic is the calculated fit. The quality of the 
fitted curves was also qualitatively judged by the randomness of the residuals, which is measured based on 
the vertical deviation of the experimental data from the fitted curves. Non-randomness in the plot of residuals 
suggest a poor fit or hidden variables. 
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11. Emission decay of DMTPS-Sil in the dU(600) matrix 

 

Figure S13. Emission decay curves (solid black lines) and corresponding fits (solid coloured lines) of DMTPS-
Sil-dU(600)-x with varying doping concentrations, selectively detected for the emission of DMTPS-Sil at 620 
nm in the dU(600) matrix, upon excitation at 450 nm. The weighted residuals for each fit and the instrument 
response function (IRF) (dashed pink line) are also shown. 

Table S3. Decay lifetimes (τi), pre-exponential coefficients (αi) and chi-squared (χ2) obtained resulting from 
the reconvolution analysis of emission decay curves measured for the DMTPS-Sil-dU(600)-x and DTMPS-
dU(600)-x series with varying doping concentrations, detected at the emission wavelength of 600 nm, upon 
excitation at 375 nm. The PLQY values of each sample are also reported in the table. 

Sample τ1 
(ns) 

τ2 
(ns) α1 α2 τavg 

(ns) χ2 PLQYa 

DMTPS-Sil-dU(600)-0.014 1.82 4.79 0.62 0.38 3.66 1.29 36.7% ± 2.1% 

DMTPS-Sil-dU(600)-0.14 2.19 4.40 0.38 0.62 3.88 1.19 68.1% ± 6.9% 

DMTPS-Sil-dU(600)-1.4 2.28 4.38 0.29 0.71 4.00 1.16 76.9% ± 4.1% 

aAverage values and errors are the mean and standard deviation of three independent measurements (λex = 
400 nm). 
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