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1. Materials and methods

(a) Chemicals:

All chemicals were used as received unless stated otherwise. 1-Pyrenecarboxaldehyde (99%),
hydrazine hydrate (99%), guanidinium chloride (99%), coumarin-102 (99%) and poly(methyl
methacrylate) (My =~ 12000 Da) were received from Sigma-Aldrich. All the spectroscopic grade
solvents [ethyl acetate (EA), acetonitrile (ACN), dimethyl sulfoxide (DMSO), methanol (MeOH),
ethanol (EtOH), tetrahydrofuran (THF), dioxane (DIO), chloroform (CH) and dichloromethane
(DCM)] were received from Spectrochem, India. Dichloromethane and chloroform were dried
using calcium hydride and calcium chloride, respectively and subsequently distilled.

Tetrahydrofuran was dried refluxing with sodium over benzophenone and distilled under nitrogen.

(b) Instrumentation:

NMR Spectroscopy:
"H and "*C-NMR spectra were recorded on Bruker Avance 111 500 MHz NMR spectrometer and
the chemical shifts (8) are reported in parts per million (ppm) using residual solvent signals as

internal standards.

FTIR Spectroscopy:
Fourier-transform infrared (FTIR) spectroscopic measurements were carried out on Perkin Elmer

1

spectrophotometer. Ten scans were signal-averaged, with a resolution of 4 cm™ at room

temperature. KBr pellet was used for the measurements.

Matrix-Assisted Laser Desorption Ionization (MALDI-ToF):
Matrix-assisted laser desorption ionization time of flight mass spectrometry was performed with

Bruker Daltonics UltrafleXtreme, using software flex Control version 3.4.

Steady-state absorption spectroscopy:
The UV-Vis absorption spectra were recorded on a Cary 100 spectrophotometer.

Steady-state fluorescence spectroscopy:

Steady-state fluorescence measurements were carried out on Jobin Yvon Horiba Model Fluorolog-
3-21. All the fluorescence spectra were corrected with respect to the excitation light intensity and
photomultiplier tube (PMT) response using the correction files available with Horiba software.

The optical density of the samples was maintained low enough to avoid any inner filter effect.



Time-resolved fluorescence Spectroscopy:

Time-resolved fluorescence measurements were carried out using time-correlated single

photon counting (TCSPC) spectrometer (Delta Flex-01-DD/HORIBA). Delta diode laser 408

nm were used as excitation source. Picosecond photon detection module with photomultiplier
tube was used as a detector. The instrument response function was recorded by using an

aqueous solution of Ludox. Decay curves were analyzed by nonlinear least-squares iteration
using IBH DASG6 (version 6.8) decay analysis software. The quality of the fitting was assessed by

the fitting parameters (y?) as well as the visual inspection of the residuals.

Electrochemical measurements:

Electrochemical measurements were performed using CH instrument. Glassy carbon, Ag/AgNOs
(1 M AgNO:s) electrode and Pt wire were used respectively, as a working, reference and counter
electrode in a three-electrode cell. All the measurements were done in  dichloromethane

solution with 0.1 M tetrabutylammonium hexafluorophosphate as supporting electrolyte. All
the spectra were recorded at a scan rate of 100 mV/s at ambient temperature (25 £ 1 °C)

under a nitrogen atmosphere.

Field emission scanning electron microscopy (FESEM):

Morphology of the aggregates was examined using Carl Zeiss (Ultraplus) field emission scanning
electron microscope. The accelerating voltage of 5 kV and 20 kV were used. Samples for
FESEM were prepared by drop casting on the aluminium stub using the adhesive carbon tape. All

samples were coated with a thin layer of sputtered gold before imaging.

Differential scanning calorimetry (DSC):
The DSC analysis was carried out using Perkin Elmer instrument (DSC 6000) with software

version: 11.0.0.0449. Instrument was calibrated with indium and zinc prior to the experiment.

Thermogravimetric analysis (TGA):
Thermogravimetric analysis was carried out in Perkin Elmer (TGA-4000) instrument with

software version 11.0.0.0449. Sample was heated at a rate of 10 °C/min under nitrogen atmosphere.



I1. Photophysical background of excimer formation

The term ‘excimer’ was first introduced by Stevens and Hutton in 1960 to explain the
nature of an excited state dimer. According to them, excimer is an excited state dimer which is
associated in an excited electronic state and dissociated in the ground electronic state. This
definition is mostly valid for an intermolecular excimer (in a fluid medium) where the formation
of the excimer is governed through intermolecular forces between an excited state and a ground
state monomer. But this concept is quite unfitted for some particular systems where the monomeric
units are in the constrained environment or rigid media. In such cases, the excimer formation found
to be happening due to the intramolecular interactions between the monomeric units rather the
intermolecular interactions. In view of such observation, in 1975, Birks proposed a revised
definition of excimer as ‘a dimer which is associated in an excited electronic state and which is
dissociative (i.e., would dissociate in the absence of external restraints) in its ground electronic
state’.! This definition suggests the two different ways of the formation of excimer. In the first
case, the molecular photoassociation is achieved through the diffusion of a photoexcited monomer
with a ground state monomer. This type of excimer is well known as dynamic excimer. Hence, the
lifetime of the excited state monomer should be high enough to have a successful collision.>* On
the other hand, the rigid environment and some intramolecular interactions mostly favor the
formation of ground state dimer, which is further photoexcited to give the static excimer.>* The
ground state of the static dimer is much more stabilized as compared to the dynamic counterpart
due to the presence of some weak interactions (n-nt, hydrophobic, etc.) between two monomeric
units. On the other hand, the higher overlapping possibility of two molecular components makes
the dynamic excimer more stable in the excited state. A broad, structureless and red-shifted
fluorescence emission band was observed in case of excimer as compared to that of the monomer
emission. The occurrence of static and dynamic nature of the excimer can be proved through the
excitation spectra and time-dependent excimer emission profile. The excitation spectrum
monitored at excimer emission is found to be broadened and red-shifted compared to that obtained
at monomer emission in the case of static excimer. Whereas, the excitation spectra recorded at

monomer and excimer emission are found to be similar for dynamic excimer.*?



II1. Design strategy
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Scheme S1 Schematic illustration demonstrating the design strategy of the probe, PYTG, including the
physical concept behind (a) inter and intramolecular, (b) dynamic and static excimer.

The in-depth understanding of excimer formation in functional materials is a fundamental
importance to address in view of their profound utility in photophysical, biological and analytical
applications.®!! Hence, we thought to develop a functional fluorescent material which can be used
for the understanding of excimer formation and monitoring the stimuli responsive emission
behavior as well as the detection of some essential elements. Pyrene was chosen as a component
due to its dual emissive behavior consisting of both monomer and excimer emission.>*!'? Though
native pyrene is well explored for the excimer formation; it is a challenge to differentiate between

the static and dynamic excimer.

We thought to incorporate the pyrene moiety with another functional core. In this context,
triaminoguanidinium chloride was chosen as the Cs-symmetric functional core for the
accommodation of three pyrene rings through a simple one-step Schiff base condensation reaction.
Though the triaminoguanidinium unit is C3-symmetric, the tripodal architecture of the Schiff base

product (PYTG), makes it nonplanar through the flexible imine connectors. These flexible



connectors with multiple pyrene units in PYTG are helpful to form facile excimer both through
intra and intermolecular interactions which are not solely possible in rigid C2-symmetric molecules
(Scheme Sla). Additionally, the importance of Cs-symmetry in our system is the presence of
several coordination sites. Triaminoguanidinium with bulky pyrene units create pockets or
coordination sites for specific external ions (size may play a role along with electronic factors).
Hence, the C3-symmetry helps to form three specific coordination sites for ions to bind leading to
the formation of static excimer (Scheme S1b).!> On the other hand, due to the presence of an
extended conjugation between pyrene units and central carbocation through the imine linkages,
broad and structureless bands are quite predictable for both the monomer and excimer emissions.
These bands are anticipated to cover the whole visible region generating white light at a particular
experimental condition. The design strategy reflects that PYTG can be utilized as a versatile
platform for understanding the excimer formation as well as detection of different types of

essential ions along with the generation of white light emission.



IV.Synthesis and characterization
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Scheme S2 Synthetic scheme of triaminoguanidinium chloride.

In a typical synthetic procedure, guanidinium chloride (1 mmol) was taken in 30 mL of
isopropanol in a 100 mL round bottom flask. 50-60% hydrazine hydrate (4.5 mmol) was added to
the above solution and was refluxed for 6 h. After the reaction, the precipitate was filtered and was
washed with 50 mL of isopropanol to obtain triaminoguanidinium chloride (Scheme S2, yield: 97
%).
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Scheme S3 Synthetic scheme of Schiff base condensation product between pyrene-1-carboxaldehyde and
triaminoguanidinium chloride (PYTG).

Synthesis of pyrene-1-carboxaldehyde- triaminoguanidinium adduct (PYTG):

PYTG was synthezised by a one-step Schiff base condensation reaction (Scheme S3). In
the typical procedure, triaminoguanidinium chloride (50 mg, 0.33 mmol) was dissolved in 10 mL
ethanol/H>O in a 100 mL round-bottomed flask. Then, pyrene-1-carboxaldehyde (230 mg, 1.0
mmol) was added with vigorous stirring and was refluxed for 12 h at 85°C temperature. The
resulting precipitate was filtered and washed 3 times with ether. After drying under reduced
pressure, PYTG was obtained as a light-yellow solid (yield: 85%). The molecular structure and
purity of PYTG were established through '"H NMR, '3C NMR, and HRMS analysis (Fig S41-S43).



'H NMR: (500 MHz, DMSO-ds) 81 (ppm): 12.52 (s, 3H), 10.08 (s, 3H), 9.19 (d, J = 8.1 Hz, 3H),
8.60 (d, J = 9.4 Hz, 3H), 8.45 (d, J = 8.2 Hz, 3H), 8.36 (dd, 9H), 8.27 — 8.18 (m, 6H), 8.13 (1, J =
7.5 Hz, 3H).

13C NMR: (126 MHz, DMSO) & (ppm): 149.61, 148.81, 132.96, 130.98, 130.31, 129.85, 129.15,
128.88, 127.44, 126.88, 126.71, 126.25, 125.80, 125.46, 124.79, 124.07, 123.84, 121.83.

HRMS (ESI): m/z calculated for [PYTG]"is 741.277 and found 741.2720.
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Fig. S1 (a) Differential scanning calorimetry (DSC) and (b) thermogravimetric analysis (TGA)of
PYTG.



V.Spectroscopic Investigations

(a) Absorption, fluorescence emission and excitation measurements:

The spectroscopic features of PYTG were investigated in comparison with pyrene. The
absorption and emission behavior of pyrene were monitored in chloroform with 5 pM
concentration. The highly structured bands were observed for both the absorption and emissionin
case of pyrene due to its rigid and highly conjugated structure (Fig. S2). No significant excimer

peak was noticed as compared to the monomer emission even at 5 uM concentration.
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Fig. S2 Normalized absorption and emission (Aex = 330 nm) spectra of pyrene (5 pM) in CHCls.

The basic photophysical studies of PYTG were carried out in CHCIl3 with 0.5 uM
concentration. A broad absorption band with two humps at nearly 390 and 410 nm were observed
(main text, Fig. la), which is significantly red-shifted as compared to that of the structured
absorption bands of pristine pyrene (230 to 350 nm, Fig. S2). The red-shifted absorption of PYTG
can be attributed to the m-n* transition of pyrene moiety which is mostly due to the extended
delocalization of m-electrons from electron rich pyrene rings to that of the electron deficient carbon
centre of triaminoguanidinium through the imine linkage. The photophysical behaviour of PYTG
in solvents with a broad range of polarities (as per the empirical parameter of solvent polarity,

normalized T Values mentioned in parenthesis against each solvent) were investigated.!'* The

EN
solvents used for the spectroscopic investigation were the following: toluene (TL, 0.099), dioxane
(DIO, 0.164), tetrahydrofuran (THF, 0.207), ethyl acetate (EA, 0.228), chloroform (CH, 0.259),
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dichloromethane (DCM, 0.309), dimethyl sulfoxide (DMSO, 0.444), acetonitrile (ACN, 0.460),

10



ethanol (EtOH, 0.654), methanol (MeOH, 0.762). Fig. S3 depicts that the absorption and emission
of PYTG is almost independent of solvent polarity. The ratio of monomer to excimer emission
intensity with varying the solvent polarity (THF, DIO, CH and DCM as in these solvents PYTG is
emissive) was also checked. It was noticed that with the increasing polarity of the solvents the
emission intensity of the monomer to that of the excimer decreases (Fig. S4). This is may be due
to the facile formation of excimer in polar solvents.'* Fig. S5 reveals that the excitation spectra of

the excimer is almost independent on the polarity of the solvents.
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Fig. S3 Normalized (a) absorption and (b) emission spectra (Aex. =410 nm) of PYTG (0.5 uM) with varying

solvent polarity.
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Fig. S4 Emission intensity of the monomer to that of the excimer with varying the solventpolarity.
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Fig. S5 Fluorescence excitation spectra of PYTG in (i) DCM (Aen, = 590 nm), (ii) CHCl3 (Ae = 590 nm),
(iii) dioxane (Aen= 582 nm) and (iv) THF (Aen= 568 nm).

(b) Fluorescence quantum yield measurements:

The fluorescence quantum yield of PYTG was estimated using coumarin 102_as a

standard dye in ethanol S(D £ =76%) and was calculated using the equation 1.7 The quantumyields
of PYTG in different solvents were listed in Table S1.
X fx F * * ? e ( )
: s

where, @ is the fluorescence quantum yield, the subscript x denotes sample, and the subscript s

R aaryipsehilepirssngs e e indennl hasal

molar extinction coefficient in L mol™ em™.

Table S1 Spectroscopic data of PYTG (0.5 uM) in various organic solvents are shown.

Solvent Absorption Fluorescence
Amax (nm) Aem (NM) Quantum yield (%)
Chloroform 392,410 470, 590 26
DCM 392,414 465, 590 20
THF 402 465, 568 1
Dioxane 410 465, 582 3
Acetonitrile 411 Very less intensity NM
N,N-Dimethylformamide 410 Very less intensity NM
Dimethyl sulfoxide 413 Very less intensity NM

“NM: not measured

12
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Fig. S6 Variation of fluorescence quantum yields of PYTG with increasing concentration in
chloroform (0.5 — 5 uM).

The quantum yields of PYTG (in CHCls) decreased with increasing concentration in the
range of 0.5 uM to 5 uM (Fig. S6). Fig. S3b reveals the formation of excimer of PYTG
in chloroform even at 0.5 uM concentration. Thus, the unusual variation of fluorescence
quantum yields of PYTG with increasing concentration may depend on the nature of the
excimer. Hence, we probed the formation of excimer of PYTG through excitation spectra,
lifetime and time-resolved emission spectra measurements to elucidate the underlying
photophysics behind the aboveobservation.

(¢) Fluorescence lifetime measurements:

The excited state behavior of PYTG was monitored using TCSPC technique. Lifetime
measurement of PYTG was carried out exciting with a 408 nm diode laser and monitoring
the emission at monomer (Aen = 470 nm) and excimer (Aen = 590 nm) emission peaks in two
different solvents (DCM and CHCIs). The triexponential decay profile of PYTG (Fig. S7)
suggests the presence of multiple emissive species possibly arising due to monomer, -
conjugated delocalized state and excimer (intra and/ or intermolecular). Table S2 reflects that
the slower decay time of PYTG at excimer emission in both the solvents as compared to that of

the monomer emission.
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Fig. S7 Fluorescence decay profiles (Aex. = 408 nm) of PYTG in (a) CHCl3 (monomer emission: A, = 470
nm) and DCM (monomer emission: A., =465 nm), (b) CHCI; (excimer emission: A, = 590 nm) and DCM

(excimer emission: Ae, = 590 nm).

Table S2 Fluorescence decay parameters of PYTG (Aex. = 408 nm) in CHCl; and DCM; the decay times
(t1, T2, and 73) and the respective fractional contributions (a., o, and o3), the weighted average decay time
(Tave) and the quality of fitting (x°) are shown.

Decay parameters
Entry Aem (nM) 7
71 (ns) oy T2 (nSs) a, 73 (ns) 0y Tavg. (DS) X
CHCI, 470 0.2 7 0.9 49 2.7 44 2.0 1.04
590 1.3 6 6.6 9 23.8 85 19 1.08
465 0.2 6 0.9 58 2.5 36 1.7 1.00
DCM 590 0.2 1 1.6 8 20.3 91 18.6 1.15

(d) Concentration dependent excimer formation:

Basic spectroscopic investigations revealed the dual emissive nature of PYTG with two
distinct and well-separated emission bands (monomer and excimer). Hence, we thought to
investigate the spectral features of PYTG through the perturbation of its environment via varying
the concentration, temperature, pH of the medium and addition of the external ions.!”?*In this
context, at first, the monomer and excimer emission bands were monitored with varying the
concentration of the PYTG from 0.5 uM to 5 uM in CHCIs. A noticeable increment of the excimer
emission was observed as compared to that of the monomer emission with increasing the
concentration of the PYTG (Fig. S8). Fig. SO reflects the facile formation of the excimer over to
that of the monomer with increasing concentration of the PYTG. Fig. S10 depicts the CIE
chromaticity diagram of PYTG in comparison with pyrene with varying concentration from 0.5
uM to 5 uM.

14
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Fig. S8 Emission spectra (Aexe= 410 nm) of PYTG recorded in CHCIls with varying the concentration from
0.5 uM to 5 uM.
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Fig. S9 The plot of fluorescence intensity ratio (Aex. =410 nm) of excimer to that of the monomer (Iso0/I470)
with respect to the concentration of PYTG in CHCls.
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Fig. S10 The CIE chromaticity diagram of PYTG and pyrene with varying concentration (0.5 uM to 5 uM).

The nature of the excimer (dynamic or static) was probed through monitoring the excitation
spectra at monomer emission (470 nm) and excimer emission (590 nm). The results revealed that
the features of the excitation spectra for both cases were almost similar indicating the formation

of dynamic excimer (Fig. S11).
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Fig. S11 Excitation spectra of PYTG (5 uM in CHCIs) recorded at 470 nm (monomer emission) and 590

nm (excimer emission).
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Table S3 Fluorescence decay (Aex. = 408 nm) parameters with varying concentration (0.5 pM to 5 uM) of
PYTG in CHCl;; the decay times (71, T2, and 13, ns) and the respective fractional contributions (o, o and
a3), the weighted average decay time (tay, ns) and the quality of fitting (x*) are shown. The respective

emission wavelengths (nm) are indicated.

Concentration Tizery o
(nM)
A 7408w | ) T (@) T (@) Ty X
470 | 590 | 470 | 590 | 470 | 590 | 470 | 590 | 470 | 59
05 (gig) (313.34) (8(2.74) (165.28) (122'.53) (421‘7‘:(6)) el
1.0 ((5):31) (315'%9) (706.71) (185.65) (128'.54) é(s):g) Lo 1441 1.18 ) 1.06
1.5 ((5):%) (}63.3) (7%.86) (312) (22i .52) (ij:i) e e
2.0 ((3):%) (11é.37) (706.80) (8:471) (226.%8) (3323) 121205 1.02 ) 115
25 (gé) (11(5?8) (607'.81) (213) (224.50) (é(s):g) el el s
3.0 ((6):;) (flsé) (606..89) (Zig) (226.50) (523222) 12 2201 113 1116
4.0 (g;) (é:g) (606?8) (gig) (226.59) égii) il el s
>-0 ((6):3) (éé) (606..88) (gig) (226.59) (5238:2) 121231 106 | 118

Lifetime measurements of PYTG were carried out exciting with a 408 nm diode laser and
monitoring at monomer (Aen = 470 nm) and excimer (Aen = 590 nm) emission peaks with varying
the concentration from 0.5 uM to 5 uM (Fig. 3, main text). The amplitude average decay time was
similar at monomer emission while significantly increased at the excimer emission with increasing
concentration (Table S3). This result eventually proved the formation of the dynamic excimer with
the increasing concentration of PYTG.

The dynamic nature of the excimer was also probed through the time-resolved emission
spectra (TRES) measurements. TRES measurement of PYTG (5 uM, CHCIl3) was carried out at
room temperature and the emission profiles were collected at different delay time (up to 25.2 ns)
in the wavelength range from 425 to 700 nm at 5 nm interval. At lower delay time, an intense peak
was observed in the region of 460 to 470 nm. Whereas, with the increases of the delay time, a
predominant peak was noticed in the region of 560 to 570 nm. These observations revealed the
formation of dynamic excimer with increasing the concentration of PYTG (Fig. 4a, main text, Fig.
S12).
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Fig. S12 Time-resolved emission spectra (TRES) of PYTG in CHCI; (5 uM) using picosecond
pulsed diode laser (EPL- 408 nm) as an excitation source depicting the dynamic nature of the PYTG

excimer.

The excitation (Fig. S11), decay time (Table S3) and time-resolved emission spectra

(Fig. S12) measurements clearly suggested the formation of dynamic excimer with the

increasing concentration of PYTG. Thus, the decrease of fluorescence quantum yield with

increasing concentration can be inferred to the nonradiative deactivation due to the

formation of dynamic excimer (Fig. S6). This result indicates that the excimer formation of

PYTG mostly governed by the intramolecular interactions at lower concentration regime.
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VI. Effect of temperature

The temperature-dependent fluorescence measurements were carried out in quartz cuvettes
of 1 cm path length, fitted in a cuvette holder thermally equilibrated using a Newport Peltier
thermostat (Newport Corporation, USA, Model No. 350B). Measurements were performed in the
temperature range of -10 to 55 °C. The temperature was further verified using IR thermometer
before and after taking the emission spectra. The variation of temperature for each measurement

was within + 2 °C.

The temperature effect on the excimer formation of PYTG (CHCI3) was carried out with
both 5 uM and 0.5 uM solutions. Fig. 4b (main text) and Fig. S13-S15 display the emission profile
of PYTG largely dependent upon the temperature. At lower temperature (263 K), PYTG exhibited
emission bands at 602 nm and 470 nm, which were assigned to the excimer and monomer emission,
respectively. The excimer formation of PYTG (5 uM) was further proved through the Stevens-
Ban plot (Fig. S13) which revealed an intersection point between the lower and higher temperature
regimes indicating the dynamic nature of the excimer.?> A significant decrease in the excimer
emission around 602 nm was also observed at a lower concentration (0.5 uM) with the increase of
temperature from 263 K to 328 K. Whereas, a very less significant change was observed at
monomer emission band (470 nm, Fig. S14). The emission intensity of excimer to monomer
(Is02/1470) against temperature was shown in Fig. S15. Hence, the effect of temperature on excimer
emission of PYTG may be elucidated by considering the formation of excimer at a lower

temperature which is dynamic in nature.
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Fig. S13 Stevens-Ban plot of In(Is02/1470) against reciprocal of the absolute temperature of PYTG (5 uM,
CHCl3, Aexe= 410 nm).

19



10

263K

=2}
1

(=2}
1

H
1

N
1

Fl. Intensity (a.u.)

450 500 550 600 650 700 750
Wavelength (nm)

Fig. S14 Fluorescence emission (Ae = 410 nm) spectra of PYTG (0.5 uM in CHCl;) with varying the
temperature from 263 K to 328 K.
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VII. Excimer assisted white light emission

The quality of white light can be judged by three individual parameters discussed below.

(a)

(b)

(©)

The quality of white light was characterized by the Commission Internationale de
I’Eclairage (CIE) chromaticity coordinates (X, y) revealing the emission color in the
chromaticity diagram. A pure and perfect white light system has CIE coordinates (x = 0.33,
y = 0.33), whereas a quite broad region around this point in the diagram can be considered

as white light.?6?’

The color rendering index (CRI) is a numerical value ranging from 0 - 100, which measures
the true color of the object when illuminated by a light source. CRI value for WLE systems
are preferably higher than 80.%® The quality of the color, which can be distinguishable from
one to another, is given by Munsell color system. The different hue of the colors is
designated by code (R,.). The general CRI is indicated by symbol R, which is the average

value of R; to R,.

The broad band light source is characterized by the correlated color temperature (CCT) and
it is defined as the temperature of the black body radiator, which emits the same color as
that of the light source. For lighting application, CCT range is usually 2500-6500 K.?>-

The CCT values are calculated using McCamy’s formula.?’

The CIE coordinates, CRI and CCT were calculated using ColorCalculator 6.31 from

Osram Sylvania, Inc. using the corrected emission spectra.

PYTG exhibits yellowish-orange fluorescence with the peak centred at 590 nm and a

shoulder band at 470 nm (main text, Fig. 1a). The emission colour was tuned by varying the

concentration from 0.1 uM to 3 uM. The pure white light emission was obtained at 1.5 uM of
PYTG in DCM. A broad emission ranging from 425 to 750 nm was obtained when excited at 410

nm (main text, Fig. 5a). At 1.5 uM of PYTG, the equal contributions of monomer and excimer

emissions, leading to the pure white light emission with CIE coordinates (0.33, 0.34). The CRI
(R.) value of WLE solution was found to be 85 (Fig. S16) and CCT was 5438 K.
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Fig. S16 The CRI of WLE solution of PYTG (1.5 uM in DCM) at various Munsell codes.
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Fig. S17 The CIE chromaticity diagram of PYTG (1.5 uM) in PMMA polymer matrix (1g/ 3 mL DCM)
and corresponding emission spectrum (Ae.. =410 nm) of PYTG.

The emission behavior of PYTG in PMMA/DCM solution was also checked (Fig. S17).
The white light emission of PYTG in PMMA/DCM solution was likely to be due to the high
viscous nature of the medium preventing the nonradiative relaxations. However, the CIE
coordinates of PYTG (1.5 uM) in pure DCM, PMMA/DCM (1 g PMMA in 3 mL DCM) solution
and in thin film (same concentration of PYTG and PMMA) were found to be slightly different and
respectively, (0.33, 0.34), (0.29, 0.37) and (0.33, 0.38). The variation of CIE coordinates in PMMA
matrix can be contributed by specific interactions with heteroatoms and the effect of rigid

environments.
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VIII. Colorimetric detection of fluoride ion

We assumed that the electron deficient central carbon moiety might react with an external
anion to stabilize the whole system and alter the photophysical behaviour of PYTG. 1 mM stock
solution of PYTG was prepared in DMSO and subsequently diluted for further studies. The
addition of tetrabutylammonium fluoride (TBAF) salt to PYTG solution exhibited a drastic colour
change from light yellow to dark blue as compared to that of the other anions viz., AcO™, BzO,
I, CI, Br, HPO4*, HoPO4~, and HSO4~ (Fig. S18a). The addition of TBAF salt (1 mM) to PYTG
solution (3 uM) exhibited a new absorption band around 596 nm while no change in the absorption
spectra was observed with other analytes (Fig. S18b). The UV—Vis. titration experiment was
carried out with F~ (Fig. S18c). Two clear isosbestic points at 350 and 470 nm were observed. The
dark blue colour is due to the formation of the new chemical species through the deprotonation of
—NH group by fluoride ions. The lowest detection limit was calculated from the UV-Vis. titration
data and was found to be 2.9 uM with the linearity range of 18 to 33 mM (Fig. S19).

To identify the possible anion binding mode, '"H NMR titration [in DMSO-ds (3.5 uM)]
was performed (Fig. S20). The signal at 12.52 ppm which is assignable to the N-H proton of PYTG
disappeared after addition of TBAF salt and other remaining aromatic protons were broadened and
upfield shifted. The aldimine proton -CH=N- (10.08 ppm, Hp) along with aromatic proton Ar-Hc
(9.19 ppm, Hc) shows a slightly upfield shift (A6 = 0.14 and 0.07 ppm for aldimine and Ar-Hc,
respectively) while the other aromatic proton (Ar-Hg, 8.60 ppm) showed downfield shift (Ad =
0.14 ppm) which suggests the interaction of fluoride with PYTG through hydrogen bonding. On
further addition of 5 equiv. of fluoride, the Ar-Hq signal shifted further to downfield (Ad = 0.33
ppm) while the signal for Ar-H: and aldimine proton —CH=N- upfield shifted (Ad = 0.20, 0.51
ppm, respectively). The deprotonation of —N-H of PYTG led to an increase in electron density
over the phenyl ring, so the resonances for the -CH=N- as well as aromatic protons except Ar-Hqg
displayed noticeable upfield shifts (Fig. S20). Thus, 'H NMR studies support the sensing of F~ by
PYTG through hydrogen bonding between -NH and F~ leading to the deprotonation. Additionally,
we carried out the UV-visible absorption titration of PYTG in the presence of a base
(tetrabutylammonium hydroxide) to ensure the mechanism of colorimetric sensing of the fluoride
ion (Fig. S21). The change in absorption spectra was found to be similar as observed upon addition
of fluoride ions (Fig. S18c). This data further supports that the colorimetric sensing of fluoride ion
is due to the deprotonation of PYTG.
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Fig. S18 (a) The visible color change of PYTG (i) native solution (3 pM, DMSO) and in the presence ozg
different anions (1 mM): (ii) F~, (iii) CI', (iv) Br™, (v) I", (vi) AcO", (vii) BzO", (viii) HoPOs , (ix) HPO4
and (x) HSO4 ™. (b) Absorption spectra of PYTG (3 uM, DMSO) with the addition of different anions (1
mM, DMSO) and (c) absorption titration profile of PYTG (3 uM, DMSO) with varying concentration of
F.
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Fig. S19 Absorbance at 596 nm vs. fluoride ion concentration plot.
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Fig. S20 '"H NMR titration of PYTG with F-in DMSO-dg at room temperature: (a) PYTG, (b) PYTG + 3
eqv. of F-, (¢) PYTG + 5 eqv. of F.
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Fig. S21 Absorption titration of PYTG (3 uM in DMSO) with varying concentration of
tetrabutylammonium hydroxide (0 to 20 eqv.).
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IX. Aggregation behavior of PYTG

The aggregation behaviour of PYTG was checked in acetonitrile (MeCN) with varying the
water fraction. Absorption spectra of PYTG (5 uM) were recorded in different MeCN-water
mixtures. The absorption of PYTG showed a band around 412 nm in dilute MeCN solution and
remains unchanged with increasing the water fraction up to 40% (Fig. S22). The peak was then
found to be blue shifted (393 nm) with increasing the water fraction from 50% to 90%.

Absorbance

0.0

300 350 400 450 500 550
Wavelength (nm)

Fig. S22 UV-Visible absorption spectra of PYTG (5 uM) in MeCN-water with varying the fraction of water
from 0% to 90%.

Similarly, the fluorescence spectra of PYTG (5 uM, MeCN) with varying the water fraction
was monitored and a blue-shifted emission band at 460 nm was noticed (Fig. S23a) with increasing
the water fraction (more than 40%). Fig. S23b reflects the variation of fluorescence intensity with
the increasing fraction of water. The dramatic increase of fluorescence intensity was found to be
due to the formation of pyrene aldehyde generated through hydrolysis of Schiff base.** The similar
fluorescence response was observed with pyrene aldehyde (5 pM) in MeCN-water mixture with
increasing percentage of water (Fig. S24). The blue fluorescence was due to the formation of
spherical nanoaggregates of pyrene aldehyde as revealed by the FESEM images (Fig. S25).
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Fig. S23 (a) Fluorescence spectra (Aexe = 410 nm) of PYTG (5 pM) in MeCN-water with increasing water
fraction (0 — 90%). (b) The plot of fluorescence intensity (at 470 nm) vs fraction of water; inset: digital
photographs of PYTG solution with 0% and 90% water fraction under the illumination of UV light (Aex. =
365) nm and FESEM image of the PYTG dispersion in MeCN:H,O = 1:9.
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Fig. S24 Fluorescence spectra (Ae. = 410 nm) of pyrene aldehyde (5 pM, MeCN-H,0) with increasingthe
fraction of water.
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Fig. S25 FESEM images of PYTG dispersion (5 uM, 80% water and 20% MeCN).
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X. Effect of acid and base

Photophysical properties of PYTG were also monitored in the presence of acidic
(trifluoroacetic acid, TFA) and basic (triethylamine, TEA) environments. 10 uL. TFA was added
to PYTG solution (3 mL, 5 uM, CHCI3) resulting in the pH of the medium ~ 2. The excimer
emission was found to be slightly red-shifted (Fig. S26). Whereas, a complete new feature and a
significant decrease of fluorescence intensity were noticed upon addition of TEA (10 pL) to the
solution of PYTG (3 mL, 5 uM, CHCls, pH ~ 10). At a higher pH, new chemical species are likely

to be formed due to deprotonation.

= (i) PTYG
— (ii) PTYG_acid
= (jii) PTYG_base

Fl. intensity (a.u.)

0 1 1 1 1
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Fig. S26 Fluorescence spectra of (i) PYTG (in CHCIs, Aexe =410 nm), (ii) PYTG in the presence of 10 pL
of trifluoroacetic acid (pH ~ 2, in CHCIl3, Aexe = 415 nm) and (iii) PYTG in the presence of 10 uL of
triethylamine (pH ~ 10, in CHCl3, Aexe = 400 nm).
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XI. Static excimer formation and detection of trivalent metal ions

The presence of three coordinating sites and electron-rich property of PYTG motivated us
to monitor its excimer behavior in the presence of external metal ions. It was expected that in the
presence of some cationic species, the electron rich nitrogen centers of PYTG might coordinate
with suitable electron deficient analytes. Hence, a 1.0x107 M stock solution of PYTG was prepared
in acetonitrile (MeCN) and diluted with semi-aqueous mixture of MeCN: H>O in a ratio of 3:2 v/v

to 3.0 x10°° M. Aq}ueous solutions of Na*, K, Mg, Mn?', Fe?*, Co?*, Ni**, Cu**, Zn?", Cd*',
Hg?", Pb**, Fe** AP** Cr**ions were prepared from respective chloride salts.

A noticeable change in UV-Visible absorption spectra of PYTG (3 uM, MeCN:H2O; 3:2)
observed only in the presence of Fe*" and Al** exhibiting three characteristic bands at 409 nm, 390
nm and 282 nm (Fig. S27). The emission behavior of PYTG in the presence of respective metal
ions was checked. PYTG was found to be selective only towards Fe**/AI** with a turn on
fluorescence signal (Fig. 6a, main text). The enhancement of the excimer emission peak at 590 nm
might be due to the strong chelation-enhanced fluorescence (CHEF) upon addition of trivalent
Fe**/AI** to PYTG. The chelation of PYTG induces the molecular rigidity and inhibits the cis-
trans isomerization across the aldimine bond reducing the nonradiative deactivation. The
fluorescence titration experiments using 3 mL aliquot of PYTG solution (3 uM, MeCN:H>0;3:2)
were performed in the presence of Fe**/AI** (up to 5 eqv.). Each spectrum was acquired after 1
min of the addition of metal ions. A drastic enhancement of the emission intensity of PYTG was

observed with increasing concentration of Fe*" and AI** (Fig. 6b, main text and Fig. S28).

0.25
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0.00

350 400 450 500 550

Wavelength (nm)
Fig. S27 Absorption spectra of 3 pM PY TG in the presence of different metal ions (5 eqv.) in semi-aqueous

solution (MeCN : H,O; 3:2, v/v). Figure legends: 1: PYTG, 2: Na*, 3: K*, 4: Mg?', 5: Mn?*, 6: Fe**, 7: Co*",
8: Ni*", 9: Cu?", 10: Zn?", 11: Cd**, 12: Hg*', 13: Pb*", 14: Fe**, 15: AI**, 16: Cr*".
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Fig. S28 Emission spectra (Aex. =410 nm) of 3 uM PYTG in semi-aqueous solution (MeCN:H,O; 3:2, v/v)

with varying concentration of AI** ions (0 to 5eqv.).

Estimation of the detection limit:

In general, the Limit of Detection (LOD) is taken as the lowest concentration of an analyte
in a sample that can be detected. The detection limit is calculated using the equation 2.3! Table S4
shows the limit of detection (LOD) of PYTG towards the metal ions. Fig. S29 and S30 reveal the
chelation-enhanced fluorescence nature of PYTG in the presence of Fe’" and AI**, respectively.
The binding stoichiometries of Fe’>" and AI** with PYTG were determined through JOB’s plot by

the method of continuous variation (Fig. S31 and S32).3
Limit of Detection (LOD)=3c/m................... (2)
where, ¢ is the standard deviation of the solution of receptor without any analyte and m is the slope

between absorbance or fluorescence intensity vs. the concentration of the analyte.

Table S4 The lowest detection limit of PYTG towards the metal ions.

Entry Limit of R2 Linearity range
detection (M) (M)
PYTG-Fe** 5.4 %107 0.994 2.6 x10%-12x1073
PYTG-AI** 14 x 107 0.999 1.0 x 10° -3.0 x 107
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Fig. S29 The plot of fluorescence intensity (Aen = 590 nm) of PYTG (3 uM, MeCN:HxO; 3:2, v/v) vs.

concentration of Fe>".
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Fig. S30 The plot of fluorescence intensity (Aew = 590 nm) of PYTG (3 uM, MeCN:H,O; 3:2, v/v) vs.

concentration of AI*".
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Fig. S31 Job’s plot showing the 1:3 stoichiometry of the complex between PYTG (3 uM, in MeCN:H,O;
3:2, v/v) and Fe*". The total concentration of PYTG and Fe*" mixture was kept at 10 pM.
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Fig. S32 Job’s plot showing the 1:3 stoichiometry of the complex between PYTG (3 uM, in MeCN:H»O;
3:2, v/v) and A", The total concentration of PYTG and Al** mixture was kept at 10 pM.
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Determination of association constant:

The association constants were determined by a nonlinear least-square analysis of

fluorescence intensity (I) versus concentration of the metal ion (Cy or [M]) using the equation 3,

reported for multiple ligand systems.3**

[ = Io+cym 1K1 [M]+cp 2821 [M] 2 +lnim B31[M)3

1+K11[M]+B21[M]%+B31[M]3
Where B21 = K11Koa1, Bs1 = K11K21K31, [M] = Cum is Fe**/AI** concentration, Ip and 1 is integrated
emission in the absence and presence of Fe**/AI*" ion, respectively. @ is approximately 0.042,
the quantum yield of the 1:1 PYTG-Fe*" complex; ®; is approximately 0.069, the quantum yield
of the 1:2 PYTG-Fe** complex. By plotting the fluorescence intensity at 590 nm of PYTG (ligand,
L) versus increasing concentration of [Fe*'/ AI*'], sigmoidal curves were obtained and the
corresponding association constants were deduced (Fig. S33 and S34). The association constants
of PYTG (single ligand system) with Fe*" and AI** were found to be Ki1=1.2x10° Ki2 =4.2x10°,
Ki3 = 4.8x10° for Fe*" and Ki1 = 1.1x10°, K12 = 2.9x10°, K13 = 8.8x10° for AI*" respectively. Fig.

S35 reveals the reversible chelation behaviour of PYTG towards Al**ions.
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Fig. S33 Non-linear curve fitting (Isoo vs. conc. of Fe*", e, = 410 nm) for the determination of association
constant of PYTG with Fe*".
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Fig. S34 Non-linear curve fitting (Iso vs. conc. of AI*", .. = 410 nm) for the determination of association
constant of PYTG with AI**.
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Fig. S35 Fluorescence (at 590 nm, Ae = 410 nm) on-off switching cycles of PYTG (3 uM, MeCN:H,O0;
3:2, v/v) using AI** (10 eqv.) and ethylenediaminetetraacetic acid (EDTA, 10 eqv.), respectively.
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Static excimer formation:

Lifetime measurements of PYTG (3 uM in semi-aqueous medium, MeCN:H2O; 3:2, v/v)
in the presence of Fe’" and A’ ions were carried out exciting by a 408 nm diode laser and
monitoring at monomer (Aen =470 nm) and excimer (Aen = 590 nm) emission bands (Fig. S36 and
S37). The amplitude average decay time was increased upon addition of metal ions while
monitoring the decay at the excimer emission band. After addition of excess metal ions (> 3 eqv.),
the amplitude average decay time was found to be constant (Fig. S36). No such variation of decay
time was observed while monitoring the decay at monomer emission band (Fig. S37). These results

indicate the formation of the static excimer (Table S5).
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Fig. S36 Fluorescence decay profiles (Aexe = 408 nm, Aen= 590 nm) of PYTG (3 uM) with
increasing concentration of (a) Fe* and (b) AI** ions in semi-aqueous medium (MeCN:HO, 3:2,

v/v). The continuous black line indicates fit to the decay curves.
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Fig. S37 Fluorescence decay profiles (Adexe = 408 nm, A.,,= 470 nm) of PYTG (3 uM) with
increasing concentration of (a) Fe** and (b) AI** ions in semi-aqueous medium (MeCN:H,O, 3:2,

v/v). The continuous black line indicates fit to the decay curves.
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Table S5 Fluorescence decay parameters (Ao = 408 nm) of PYTG (3 uM) in semi-aqueous medium
(MeCN:H,0, 3:2, v/v) with varying concentration of Fe** and AI’" ions; the decay times (11, T2, and t3) and
the respective fractional contributions (o, a2 and a3), the weighted average decay (tay) and the quality of
fitting (?) are shown. The respective emission wavelengths (nm) were indicated (Aex. = 408 nm).

’lm =408 nm Decay parameters
Metal -
jons | Concentration Tp(ap) Tp(a) To(n) Tavg. x
(nM) 470 590 470 590 470 590 | 470 | 590 | 470 | 590
0.1 0.2 0.6 0.8 3.4 17.3 4.8
0 16.5) | 25.1) | @35) | 49.6) | (59.9) | (2526) | 7 111
0.1 0.4 0.5 8.6 33 229
3 267 | 3.1 | @87 | ©6) | @46) | ©03) | 1€ |213f 116|113
0.2 0.3 0.6 7.9 55 232
3+
Fe 6 @45) | 40) | @93) | 69 | @43) | o) | 16 |2L2f 120 | 114
0.2 0.2 0.6 33 9.1 22.5
? @46) | 52 | @54 | 32 | 300) | o6 | 22 |20o% L8 | LI
0.2 0.2 0.6 1.5 104 | 223
12 @1.8) | @46 | @100 | @5 |31 | ©29) |33 |206] 109109
0.1 0.2 0.6 0.8 3.4 17.3 4.8
0 165) | 25.1) | @35) | 49.6) | (59.9) | 253) | 17 iy 111
0.1 0.2 0.5 0.8 3.6 21.3
3 @2.9) | (196) | @69) | 141) | 302) | ©6.3) | 28 | 143 118 | 1.08
0.2 0.2 0.6 5.9 8.7 22.7
3+
Al 6 ©28 | 32 | aen | @y | eLy | o2y | 21|23 L L2
0.2 0.2 0.6 12.9 9.4 24.4
v
9 633) | 29 | @14 | a66) | @53) | sos) | 20 [2187 125 | LIS
0.2 0.2 0.6 7.9 116 | 229
12 @17 | @42 | @2 | 54 | G50 | ©o4 | #3201 131 LIO
10{® — 10{® —
2z 2
‘| 03 2 08
8 g
£ 06/ £ 06
e} e
Q (5]
% 0.4 \ e % 0.4
_¢m=7nm — ) =470NM
§ 0.24 —*,,=590nm g 0.2 _x::=590nm
4 4
0.0 0.0l . . . .
250 350 3&0 4(']0 41'10 280 320 360 400 440
Wavelength (nm) Wavelength (nm)

Fig. S38 Normalized excitation spectra of PYTG (3 uM, MeCN:H>O0, 3:2, v/v) monitoring at the monomer
(Aem= 470 nm) and excimer (Le»= 590 nm) emission peaks in the presence of (a) Fe** and (b) AI** ions.
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The formation of static excimer was also probed by excitation spectra for both the emission
bands of PYTG in the presence of Fe** and Al** ions. A broad and red-shifted excitation profile
was observed for the excimer emission as compared to that of the monomer emission (Fig. S38).

This result is a clear indication of static excimer formation in the presence of trivalent metal ions
Fe’"and AI*".
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XII. Computational investigations

Ground state geometry optimizations of PYTG were carried out using the Gaussian 09
program package. The molecular structure obtained through AMI energy minimization in
Materials studio 6.1 was taken as the input geometry and was optimized at the B3LYP/6-31G(d,p)

level.

We observed that the HOMO of PYTG distributed from one pyrene to another through
imine bond. The dihedral angles of three pyrene units with respect to the central
triaminoguanidinium core are -31°, -28° and -22°. The two dihedral angles are similar in
comparison to the third one which could be a reason for the molecular electronic distribution only
over two pyrene units attached to triaminoguanidinium core.*® Thomas C. W. Mak and co-workers
reported a Cs-symmetric Schiff-base probe for Zn*>* sensing. They also observed similar HOMO
distribution in the Cs-symmetric molecular fluorescent probe.*® To know more about the orbital
contribution, we have further carried out time-dependent density functional theory (TD-DFT, spin
unrestricted) calculation using Gaussian 09 programme package and analysed the electronic
transitions.?” The molecular orbital of PYTG displayed both alpha (av) and beta (B) spin states.?®
The HOMO-1 (B) of PYTG have homogeneous electron density distribution over three pyrene
units (Fig. S39). The main transitions occurred from HOMO-1 to LUMO and HOMO-1 to
LUMO+1 (both a and B spin orbitals) and their contributions to the lowest energy excitations were
49% and 41%, respectively. The probable electronic transitions and oscillator strengths of PYTG
based on the TD-DFT calculations are tabulated in Table S6.

Table S6 The salient features of the most probable electronic transitions with oscillator strengths obtained
from the TD-DFT calculation.

Excitation | Oscillator Percentage
energy strength (f) | Electronic transition (%)
(nm)
493.19 0.445 HOMO-1 (a) to LUMO (o) 49
HOMO-1 (B) to LUMO (B) 49
411.62 0.162 HOMO-1 (o)) to LUMO+1 (o) 41
HOMO (o) to LUMO+2 (o) 7
HOMO-1 (B) to LUMO+1 (B) 41
HOMO (B) to LUMO+2 (B) 7
402.17 0.158 HOMO-1 (o)) to LUMO+2 (o) 47
HOMO-1 (B) to LUMO+2 (B) 47
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Fig. S39 The optimized ground-state HOMO-2, HOMO-1, HOMO, LUMO, LUMO+1 and LUMO
+2 distributions (spin unrestricted) and the respective energy values (eV) of 3 ,a spin orbitals of
PYTG obtained by density functional theory (DFT) calculations at the B3LYP/6-31G(d,p) level.
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XII. Electrochemical measurement

The experimental HOMO/LUMO energy levels of PYTG in DCM were evaluated by
cyclic voltammetry (CV) experiment. PYTG show reversible oxidation and reduction processes,
indicative of good electrochemical stability. CV experiments were conducted at room temperature
using degassed DCM solutions of PYTG (concentration: 1 x 10> M) containing 0.1 M n-Bu4PFg
as a supporting electrolyte in a three-electrode electrochemical cell (scan rate: 100 mV/s). Glassy
carbon, Ag/AgNO; (1 M AgNO3) electrode and Pt wire were used respectively, as a working,
reference and counter electrode. The HOMO and LUMO energy levels of PYTG was calculated
by the following equations using the onset potentials corrected against the Fc/Fc' (Fc = ferrocene)
couple: Egomo = — (4.8 + Eonset vs. Fc/Fc*) eV; ELumo = — (4.8 + ™Eonset vs. Fe/Fc') eV.HOMO-
LUMO energy levels were found to be —5.73 and —3.48 eV, respectively analogous to that obtained
from the DFT calculations (B spin state, Fig. S40).
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Fig. S40 Cyclic voltammogram and differential pulse voltammogram of PYTG (1 mM) in DCM vs Ag/Ag"
at 100 mV/s scan rate.
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XIV. Comparative table

Table S7 A comparative account of multifunctional applications of PYTG in view of single component

white light emission, fluorescent molecular switch in the presence of metal ions (particularly Fe**/AI*")

through the probing of dynamic and static excimer formation with other notable molecular optical materials.

SL System Probing the excimer formation Single Selective Reference
No. Dynamic Static component | detection of
WLE analytes
(CIE) (LOD)
1 PYTG Yes Yes Solution: Fe** (5.4 nM), Present work
Concentration and Chelation-enhanced | (0.33, 0.34) AP (14nM)
temperature effect fluorescence Thin film:
(Stevens-Ban plot) (0.33, 0.38)
Single component white light emission
2 CIBDBT - - (0.33, 0.35) - Nat. Commun., 2017, 8,
416.%
3 CPzPO -- -- (0.31,0.32) -- Adv. Funct. Mater.,
2017, 27,1703918.4
4 TPE-Pys -- -- (0.30,0.41) -- Chem. Sci., 2018: DOI:
10.1039/c8sc01709¢.*!
5 SDB:t - - (0.27,0.27) -- Chem. Sci., 2017, 8,
1909.4
6 Cz°’PhAn -- -- (0.30, 0.33) -- Chem. Sci., 2016, 7,
3556.8
7 SCP -- - (0.27,0.29) -- Chem. Sci., 2016, 7,
2201.4
8 Probe-1 -- -- (0.32, 0.38) -- Chem. Commun., 2017,
53, 9269.%
9 Probe-1 -- -- (0.357, -- Chem. Commun., 2017,
0.339) 53, 7832.4
10 L-CLCIO4 -- -- (0.32,0.33) -- Chem. Commun., 2014,

50, 15878.%7
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11 PQCz-T - - (0.36, 0.28) - Chem. Commun., 2018,
54, 1786.%
12 BTImP -- -- (0.30, 0.35) -- J. Mater. Chem. C,
2016, 4,2011.%
13 BPTP -- -- (0.29, 0.23) -- J. Mater. Chem. C,
2015, 3, 4563.%°
14 Probe-1 -- -- (0.33, 0.30) -- J. Phys. Chem. C,
2017, 121, 5277.°!
15 3-DPH-XO - - (0.27,0.35) -- J. Phys. Chem.
Lett., 2017, 8, 4808.%
16 Probe-10 -- -- (0.33,0.33) -- J. Phys. Chem. C,
2016, 120, 26986.%
17 PyBPNMe2 -- -- (0.31,0.34) -- J. Phys. Chem. 4, 2016,
120, 5838.%
Excimer formation and detection of metal ions
18 Probe-1 Concentration effect Chelation -- AP*(0.51 uM) | Org. Lett., 2012, 14,
3420.%°
19 Probe-1 Concentration effect Chelation - Cd** (NA), Org. Lett., 2001, 3,
Ca’" (NA), 889.%
Cu*" (NA)
20 Probe-L Concentration effect Chelation -- Zn** (NA) J. Phys. Chem. B, 2007,
111, 8812.%7
21 Probe-L Concentration effect Chelation -- Sn*"(25.7nM) | Dalton Trans., 2015,
44, 14388.%
22 Probe- (S)-1 Concentration effect Chelation -- Cu** (NA) Tetrahedron Lett.,
20006, 47, 4577.%8
23 Probe-1 -- Chelation -- Cu?* (NA) Org. Lett., 2008, 10,
1963.%°
24 Probe-4 -- Chelation -- Cu?" (1 uM) Org. Lett., 2009, 11,
3378.%
25 CP-1 - Chelation -- Ca’" (NA) Org. Lett., 2002, 4,
683.5!
26 Probe-L -- Chelation -- Cu**(NA), | Inorg. Chem., 2013, 52,
Ag+ (NA), 121.%2
Zn** (NA)
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27 Probe-1 -- Chelation -- Cu?* (NA), Tetrahedron Lett.,
Hg?* (NA) 2011, 52, 1938.5°
28 MAB - Chelation -- Cu**(NA) Tetrahedron Lett.,
2015, 56, 162.%
29 Probe-1 Concentration effect -- -- Cu?" (40 nM) J. Org. Chem., 2007,
72, 5980.%
Detection of trivalent metal ions
30 Py-TPE -- -- -- AP (NA), Chem. Commun., 2013,
Fe** (NA), 49, 1503.56
Cr* (NA)
31 Ligand 1 - - - AP* (0.2 uM), | Chem. Commun., 2012,
Fe* (0.3 uM), 48, 3000.57
Cr* (0.5 uM)
32 SBPQ -- -- -- APF*(32.4 Chem. Commun., 2013,
nM), Fe** 49, 10739.%8
(NA), Cr**
(NA)
33 5 - - - AP (0.5 uM), | Chem. Commun., 2014,
Fe** (NA), 50, 12258.9
Cr** (0.2 uM)
34 PCS1 -- -- -- AP (2.4 uM), J. Mater. Chem. C,
Fe* (1 uM), 2016, 4, 2056.7
Cr* (1 uM)
35 RND - - - APt (1.74 Dalton Trans., 2015,
nM), Fe* 44, 11805."
(2.90 uM),
Cr* (2.36 uM)
36 Probe-3 -- -- -- A, Fe*', Dalton Trans., 2016,
Cr*, Ga*", 45,9513.7
Hg?" (all under
1 uM)

#NA: not available
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XV. NMR and mass spectra
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Fig. S42 *C NMR spectrum of PYTG in DMSO-ds at room temperature.
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Fig.
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XVI. Input geometry of PYTG

Ground state optimization:

tnprocshared=16

Smem=6GB

$chk=vk.chk
# opt ub3lyp/6-31g(d,p)

vk

02

OO0 zzzz2z2z202z2

OO R WNRFE RO D wDNDDN
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.05337800
.96896300
.19238500
.36044900
.46693300
.71783100
.56030600
.59704100
.75501300
.27741300
.07500700
.23050200
.53851400
.67905300
.55679400
.09634000
.24830300
.54438100
.68052200
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.66054100
.79452000
.67823600
.80883100
.08195600
.04726000
.79058100
.63444800
. 74524200
.98187000
.12415700
.37574000
.22400100
.36255800
.56426700
.63745400
.43129400
.25670600

[N~ o BNo Yo o NEN BN G) BNe ) IEN BN ) NN @) |
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.11855300
.76469200
.44635300
.55026200
.91366300
.09760600
.03677900
.20980800
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.12060900
.24914000
.09662500
.53866900
.83938700
.65461400
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.34125900
.74485300
.40773100
.85282400
.21754100
.07153300
.45920000
.26862700
.72057000
.68398800
.18087100
.60250100
.46659900
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.88733400
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guess=mix geom=connectivity
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TD-DFT calculation:

%$nprocshared=16
¥mem=6GB
%chk=vke.chk

# td=50-50 ub3lyp/6-31g(d,p)
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