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Experimental Section

Materials and Instrumentation

Chemicals for synthesis were purchased from Sigma-Aldrich or J&K used as received
without any further purification. 4-bromotriphenylamine (3),l1 TPE derivative (6),2!
4,7-bis(4-bromophenyl)-2,1,3-benzothiadiazole (10),1] were prepared according to the
reported literatures. THF was distilled from sodium benzophenone ketyl under dry
nitrogen before use. 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] (DSPE-PEG;gy) was a commercial product of
Avanti Polar Lipids, Inc. (USA). 'H- and '*C-NMR spectra were carried out on a Bruker
AV 400 spectrometer. High resolution mass spectra (HRMS) were recorded on a GCT
premier CAB048 mass spectrometer operating in MALDI-TOF mode. Ultraviolet—
visible (UV-vis) absorption spectra were taken on a PerkinElmer Lambda 25 UV-Vis
absorption spectrophotometer. Photoluminescence spectra were recorded on a

PerkinElmer LS 55 fluorescence spectrometer. The solution fluorescence quantum
1



yield was determined by Rhodamine 6G in ethanol as a standard (®f = 94%). The
absorbance of the solutions was maintained below 0.1 to avoid the internal filter effect.
The emission efficiency of solid powders of TTS and TTA was measured on a
calibrated integrating sphere with 480 nm excitation. The average particle size and size
distribution were determined by laser light scattering with a particle size analyzer (90
Plus, Brookhaven Instruments Co. USA) at a fixed angle of 90° at 24°C.

Preparation of TTA and TTS nanoaggregates

Stock THF solutions of TTA and TTS were prepared with a concentration of 10+ M.
Aliquots of the stock solution were transferred to 10 mL volumetric flasks. After
appropriate amounts of THF were added, water was dropwise added under stirring to
prepare solutions with a concentration of 10~ M with different water fractions (0-90
vol%). The PL measurements of the resulting solutions were immediately carried out.

Measurements of two-photon absorption cross-section of TTS

The two-photon absorption cross section measurements were carried out on an Avesta
TiF-100M femtosecond Ti:sapphire oscillator as the excitation source. The output laser
pulses had a pulse duration of about 80 fs with a repetition rate of 84.5 MHz in the
wavelength range from 800 to 1000 nm. The laser beam was focused onto TTS dots in
a cuvette with a path length of 1.0 cm. The emission was collected at an angle of 90° to
the incoming excitation beam by a pair of lenses and an optical fiber connected to a
monochromater (Acton, Spectra Pro 2300i) charge-coupled device (Princeton
Instruments, Pixis 100B) system. A short-pass filter with a cutoff wavelength at 750
nm was placed before the spectrometer to remove scattering from the pump beam.
Rhodamine B with concentration of 1uM in methanol was utilized as reference.

Preparation and characterization of AIE-dots

AIE dots were formulated through the method of nanoprecipitation procedure. Briefly,
0.25mL of TTS solutions in THF (1 mg/mL) and a certain amount of DSPE-
mPEG2000 solutions in THF (1 mg/mL) were mixed in an eppendorf tube (1.5 mL).
After dilution to 1 mL with THF, the mixture was quickly added to 5 mL MilliQ water
under the ultrasonication for several minutes to form a homogeneous red solution using
a microtip probe sonicator (XL2000, Misonix Incorporated, NY). The mixture was then
stirred at room temperature overnight to remove THF and filtered by a syringe filter
(0.22 pm) to yield the TTS dots. The TTS dots solutions were concentrated to 1mg/mL
using Millipore Amicon Ultra (100 kDa) centrifugal filter tubes.

Cytotoxicity of TTS

Cell Counting Kit-8 based cell viability assay was carried out to evaluate the metabolic
activity of cells. A549 cells were seeded in 96-well plates (Costar, IL) at a density of 6
x 104 cells/mL. After 24 h incubation, the old medium was replaced by TTS suspension
with different concentrations ranging from 0.01 to 10 pg/mL, and the cells were then
incubated for 24 and 48 h. Then, the wells were washed with 1xPBS buffer and 10 pL
CCK-8 Reagent was added into each well. After 3 h incubation at 37°C, the absorbance
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of CCK-8 at 450 nm was monitored by the microplate reader. Cell viability was
expressed by the ratio of absorbance of the cells incubated with nanoparticles solution
to that of the cells incubated with culture medium only.

Animals

Female BALB/c nude mice (weighed 20-22 g and 5-6 weeks old) were purchased from
Vital River Laboratory Animal Technology Co. Ltd (Beijing, China) and all animals
received care in compliance with the guidelines outlined in the guide for the Care and
Use of Laboratory Animals. The procedures were approved by Animal Care and Use
Committee of Shenzhen Institutes of Advanced Technology, Chinese Academy of
Sciences.

In vivo imaging of ear blood vessels

100 uL. PBS solution of TTS dots (0.1 mg/mL) were intravenously injected into the
nude mice. The mice in the control group were intravenously injected with 100 uL. PBS
solution. The mice were anesthetized and placed on a Petri dish with one ear attached
to the coverslip, and put under the upright two-photon fluorescence scanning
microscope (Nikon, A1 MP+) for imaging. The 488 nm CW laser beam and the 900 nm
fs laser beam was focused by the water-immersed objective lens (25%, NA = 1.10) onto
the earlobe immersed in water, respectively. The one-photon or two-photon
fluorescence signals of TTS dots (from the mouse ear) passed through a 590 nm long
pass filter, and collected by a photomultiplier tube (PMT) directly or via nondescanned
detection (NDD) mode, respectively.

Biodistribution of TTS AIE-dots in mice

Mice were intravenously injected with suspensions of TTS AIE-dots (0.1 mg/mL in
phosphate buffered saline, 100 uL). The mice were sacrificed after 3 h injection. Three
mice were used at each time after injection. Their major organs (heart, lung, liver,
spleen, and kidney) were taken out and imaged by utilizing a Maestro in vivo optical
imaging system (CRI, Inc. Woburn, MA). The organs of mice were imaged with 595
nm excitation and 620-700 nm emission. The fluorescence images were recorded with
a constant exposure time of 2000 ms for all the samples. The average fluorescence
intensities were calculated by the following formula: average signals (counts/s/pixel) =
total counts/exposure time (s)/area (pixel). To compare the microcosmic one-photon
fluorescence (1 PL) and two-photon fluorescence (2 PL) signals quantitatively from
TTS dots, the 1 PL and 2 PL of the liver tissue were performed by a CW laser at 488
nm and a femtosecond laser at 900 nm, respectively. A water-immersion objective lens
(25%, NA = 1.10) was used to focus the laser beam onto the samples, and an external
detector was used to collect emission signals.

In vivo imaging of brain blood vessels

A cranial window microsurgery on the mouse brain was carried out. Briefly, mice were
anesthetized and a small piece of skull was opened up with a dental drill. The surgery
was operated under sterile conditions to avoid infections and damages to the dura mater,
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as well as to ensure that the mice could live well in the whole imaging process. Then,
the mice were injected intravenously with PBS solution of TTS dots (100 uL), and
placed under the above mentioned two-photon fluorescence scanning microscope after
anesthetized. The two-photon fluorescence signals of TTS dots (from the mouse brain)
passed through a 590 nm long pass filter, and collected by a photomultiplier tube (PMT)
via non-descanned detection (NDD) mode.

Synthesis
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Scheme S1. Synthetic routes to TTS and TTA.

Preparation  of  N',N!-diphenyl-N*-(4-(1,2,2-triphenylvinyl)phenyl)benzene-1,4-
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diamine (7): 4-bromotriphenylamine 3, (810 mg, 2.5 mmol), 4-(1,2,2-
triphenylvinyl)aniline 6, (868 mg, 2.5 mmol), Pd(OAc), (22.4 mg, 0.1 mmol), P(#
Bu);-HBF, (58 mg, 0.2 mmol), Cs,CO5 (1.63 g, 5.0 mmol) and dry toluene (40 mL)
was heated at 45 °C for 1 h under nitrogen. The reaction mixture were then heated at
90 °C for 36 h. Afterwards, the mixture was cooled to room temperature. After
filtration, water (60 mL) and dichloromethane (150 mL) were added. The organic layer
was separated, washed with brine, dried over anhydrous MgSO, and evaporated to
dryness under reduced pressure. The crude product was purified by silica gel column
chromatography on using hexane/dichloromethane as eluent to afford 7 as pale yellow
powders in 60.2% yield (888 mg). 'H NMR (400 MHz, THF-dy), 6 (TMS, ppm): 7.35
(s, 1H), 7.21-7.16 (m, 4H). 7.13—6.95 (m, 23H), 6.91 (t,J=7.6 Hz, 2H), 6.82 (dd, J =
8.8 Hz, J=2.0 Hz, 4H). 3C NMR (100 MHz, THF-dy), 6 (TMS, ppm): 149.20, 145.36,
145.20, 145.15, 143.69, 142.01, 141.41, 140.55, 140.38, 135.70, 133.12, 132.31,
132.22, 132.18, 129.76, 128.42, 128.29, 127.50, 127.02, 126.90, 126.82, 123.75,
122.54, 119.66, 119.59, 116.15, 116.10; HRMS (MALDI-TOF, m/z): [M]" calcd. for
Ca4H34N5, 590.2722; found, 590.2701.

Preparation of N!',N!,N*-triphenylbenzene-1,4-diamine (9): The compound was
prepared from 4-bromotriphenylamine 3, (810 mg, 2.5 mmol), aniline 8, (279 mg, 3
mmol), Pd(OAc); (22.4 mg, 0.1 mmol), P(+-Bu);-HBF,4 (58 mg, 0.2 mmol) and Cs,CO;
(1.63 g, 5.0 mmol), following the same procedure described above. Yield: 61.1% (513
mg). 'H NMR (400 MHz, DMSO-dy), 6 (TMS, ppm): 8.14 (s, 1H), 7.24-7.17 (m,
6H). 7.05-7.02 (m, 4H), 6.95-6.90 (m, 8H), 6.77 (t, J = 7.6 Hz, 1H). *C NMR (100
MHz, DMSO-dy), 6 (TMS, ppm): 147.61, 143.53, 139.98, 139.05, 129.23, 129.12,
127.00, 122.20, 121.72, 119.43, 118.09, 116.47. HRMS (MALDI-TOF, m/z): [M]*
calcd. for C,4H,oN,, 336.1626; found, 336.1627.

Preparation of TTS: A mixture of compound 10, (134 mg, 0.3 mmol), N/, N'-diphenyI-
N*-(4-(1,2,2-triphenylvinyl)phenyl)benzene-1,4-diamine 7, (413 mg, 0.7 mmol),
Pd(OAc), (27 mg, 0.12 mmol), P(z-Bu);-HBF, (104 mg, 0.36 mmol), Cs,CO5 (975 mg,
3.0 mmol) and dry toluene (40 mL) was heated at 45 °C for 1 h under nitrogen. The
reaction mixture was then heated at 100 °C for 36 h. Afterwards, the mixture was cooled
to room temperature. After filtration, water (30 mL) and dichloromethane (200 mL)
were added. The organic layer was separated, washed with water three times, dried over
anhydrous Na,SO, and evaporated to dryness under reduced pressure. The crude
product was purified by silica gel column chromatography using
hexane/dichloromethane as eluent, affording orange red solid in 61.6% yield (271 mg).
'H NMR (400 MHz, THF-dy), 6 (TMS, ppm): 8.00 (d, J = 8.8 Hz, 4H), 7.86 (s, 2H),
7.27 (td, J = 7.6, 0.8 Hz, 8H), 7.19-6.93 (m, 62H). 3C NMR (100 MHz, THF-dy), ¢
(TMS, ppm): 155.13, 148.86, 148.58, 146.81, 145.03, 144.74, 144.61, 144.56, 143.10,
141.71, 141.69, 139.29, 133.16, 132.77, 132.21, 132.17, 131.97, 130.81, 130.19,
128.47, 128.41, 128.38, 128.01, 127.22, 127.10, 126.95, 126.01, 124.74, 123.78,
123.40. HRMS (MALDI-TOF, m/z): [M*] calcd for C;osH76NsS, 1465. 5886; found,
1465.5864.



Preparation of TTA: The compound was prepared from compound 10, (134 mg, 0.3
mmol), N/,N,N*-triphenylbenzene-1,4-diamine 9, (222 mg, 0.66 mmol), Pd(OAc),
(22.4 mg, 0.1 mmol), P(z-Bu);-HBF, (87 mg, 0.3 mmol) and Cs,CO; (780 mg, 2.4
mmol), following the same procedure described above. Orange red solid; yield: 59.2%
(170 mg). '"H NMR (400 MHz, THF-dy), 6 (TMS, ppm): 8.01 (d, /= 8.8 Hz, 4H), 7.87
(s, 2H), 7.32-7.19 (m, 20H), 7.11-7.09 (m, 12H), 7.06-7.03 (m, 6H), 7.01-6.97 (m,
4H). HRMS (MALDI-TOF, m/z): [M*] caled for CgHysNgS, 956. 3661; found,
956.3667.
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Fig. S2 HRMS spectrum of TTS.



— - - -

8.023
8.001

7.865
7.324
7.303
7.285
7.273
7.252
7.233
7.211
7.193
7.189
7114
7.056
7.050

6.987
6.968
— 3599
——2.545
——1.748

Current Data Parameters
N TPATS

EXPNO ]
PROCNO 1

FZ- Acquis".iun Parameters
01720524

imE
INSTRUM _ ‘spect
PROBHD 5mm PASBO BEB-
PULPROG 2930

5536

SOLVENT THF
NS 201
D! 2
S 8223.685 Hz
FIDRES 0.125483 H;
A 846387 sec
ow 60.800 usec
DE 6.00 usec
TE 293.5 K
D1 1.00000000 sec
TDO 1

=== CHANNEL f1 ====:

13.60 usec
-1.00 dB
400.1324710 MHz

F2- Pmcsssin?%;arammrs

1

SF 400.1300054 MHz
WowW EM

SSB

Le 0.30 Hz

GB [

PC 1.00

- T T T T T T T T T T T T

T T T
10.5 100 95 9.0 60 55 50 45 40 35 30 25 20 15 10 05 00 ppm

85 8 PR E VA F R L T T M
id = phhhhIdddddad 334 BRORER
] SN2 RUKE

Current Data Parameters
NAME TPATS
EXPNO

PROCNO 1

F2 - Acquisition Parameters
D 20170524

Til
INSTRUM |
PROBHD § mm PABBO
PgLPROG 2930
SOLVENT THF

201

2
Wi 223.685 Hz

FIDRES 0.125483 Hz
AQ 846387 sec
RG 812
bW 60.800 usec
DE 6.00 usec
TE 283.5 K
D1 1.00000000 sec
TDO 1
==m===== CHANNEL f1
NUC1 1H
P1 13 W U!IC

PL1

SFO1 4011 1324?": MHz
F2 - Processing parameters
sl 27%:

SF 400.1300054 MHz
WDowW EM

SSB

LB 0.30 Hz
GB 0

PC 1.00

T T T T T T T

7.9 7.8 T 7.6 7.5 7.4 T 3 7. 2 7. 1 7. 0 B‘El 6.8 67  ppm

i R L

Fig. S3 'H NMR spectra of TTA in THF-d.

10



qw-BTPAS, MW=956; DCTB

tan170531_1 16 (0.532) Cn (Cen,4, 70.00, Ar); Sb (15,10.00 ); Sm (SG, 2x3.00); Cm (8:18) TOF LD+
956.3667 1.77e3
1004
957.3681
=
958.3734
959.3717
960.3644
713.2550 971.3158
" i

0 m/z
675 700 725 750 775 800 825 850 875 900 925 950 975 1000 1025 1050 1075 1100 1125 1150 1175 1200

Fig. S4 HRMS spectrum of TTA.
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Fig. S5 Normalized absorption spectra of (A) TTB, (B) TTA and (C) TTS in solvents
with different polarities.
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Table S1 Absorption and emission of TTB, TTA and TTS in different solvents.

TTB TTA TTS
Solvent Jap (NM)? Jem (NM)? Jap (NM)? Jem (NM)? b (nM)? Aem (NM)?
Tol 470 596 478 620 484 623
DO 465 609 471 632 478 640
THF 469 618 474 nde 481 nd°
NMP 469 654 478 nde 484 nd°

@ J.p = absorption maximum. ? A.,, = emission maximum.

¢ nd = not detected.

250
f,, (vol %)
Al —
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. - 60
2 —50
S ----40 L
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Fig. S6 (A) PL spectra of TTA in THF/water mixtures with different water fractions
(fw)- (B) Plot of relative PL intensity (/1) versus the composition of THF/water mixture
of TTA. I, = emission intensity in pure THF solution. Concentration: 10 pM; excitation
wavelength: 480 nm. Inset: fluorescent photographs of TTA in THF (f, = 0%) and
THF/water mixture with f;, = 90% taken under 365 nm UV illumination.
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Table S2 Optical properties of TTS.

Aab (NM)? soln (®f)° ager powder (Op)° t(ns)!  Eg(eV)° HOMO/LUMO(eV)"
TTS 481 nd (035) 636 636 (34.1) 186 221(229)  —5.05 (~4.52)/ —2.84 (-2.23)

“ J.p = absorption maximum in THF. ? 1., = emission maximum in THF solution (soln),
THF/water mixture (1:9 by volume) (aggr). ¢ Fluorescence quantum yield (®g,%) of
THF solution and solid powders given in the parentheses. ¢ fluorescence lifetime of
solid powders (7). ¢ E, = energy band gap calculated from the onset of the absorption
spectrum. / HOMO = highest occupied molecular orbitals calculated from the onset
oxidation potential, LUMO = lowest unoccupied molecular orbitals estimated by using
the equation: LUMO = HOMO + Eg. The values in the parentheses are derived from
theoretical DFT calculations. nd = not detected.

HOMO S LUMO

i 79 | P ¢

TTA ¥ ‘)4?' E,=232eV 0;‘&” ﬂg‘?,‘ﬁﬁ‘w o9
fﬂ“ * oy | :‘:0 ’ %
R @

-4.58 eV

Fig. S7 Optimized geometries and molecular orbital amplitude plots of HOMO and
LUMO levels of TTS and TTA calculated using the B3LYP/6-311G(d) basis set.
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Fig. S8 Molecular geometries of TTS optimized at the DFT level of theory using the
B3LYP/6-31G(d) basis set with Grimme's Empirical Dispersion correction (GD3).

Fig. S9 Molecular geometries of TTA optimized at the DFT level of theory using the
B3LYP/6-31G(d) basis set with Grimme's Empirical Dispersion correction (GD3).
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Table S3 Summary of angles between different aryl rings or double bonds of TTS.

Rings and rings®  Torsion angles (°)  Rings and bonds” Torsion angles (°)
d-o 68.02 a-D, 116.52
i-o 67.08 b-D, 115.24
0-p 36.56 c-D, 135.31
p-q 143.30 d-D, 132.24
g-q 109.27 e-D, 120.93
l-q 116.33 f-D, 136.28
1-j 106.24 g-D, 107.38
i-k 73.60 h-D, 131.09
j-k 108.03

l-m 72.81

I-n 73.35

m-n 71.66

“a,b,c,d, e, f, g h,i,j, k |, m and n are different aryl rings as labeled in Fig. S8, d-o,
i-0, 0-p, p-q, g-q, and 1-q mean the torsion angles between different aryl rings. > D, and
Dg are the double bonds which are highlighted in purple and green as shown in Fig. S8
a-D,, b-D,, ¢-D,, d-D,,, e-Dg, f-D,, g-D, and h-D, imply the torsion angles between
different aryl rings and the near double bond which are highlighted in purple or green.

Table S4 Summary of angles between different aryl rings of TTA.

Rings and rings?  Torsion angles (°)  Rings and bonds* Torsion angles (°)
0-p 36.14 m-n 112.03
o-d 113.56 g-1 70.34
o-i 112.29

i 111.52

i-k 68.56

j-k 112.03

i-d 70.34

pP-q 36.14

g-q 66.45

I-q 67.71

I-m 111.44

I-n 68.48

“i,k,1,d, 0, p, q, g |, m, and n are different aryl rings as labelled in Fig. S9, o-p, o-d,
o-1, 1-, 1-k, j-k, 1-d, p-q, g-q, 1-q, I-m, 1-n, m-n and g-1 mean the torsion angles between

different aryl rings.
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Fig. S10 (A) Particle size distribution and (B) absorption and emission spectra of TTS
dots suspended in water. Excitation wavelength = 488 nm.
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Fig. S11 (A) Photostability of TTS dots under continuous scanning at 480 nm using
450W Xe lamp. I is the initial PL intensity, while / is the intensity after irradiation for
a designated time interval. (B) Cell viability of A549 cells after incubation with 0, 0.01,
0.1, 1, and 10 pg/mL TTS dots for 24 h and 48 h.
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Fig. S12 Hydrodynamic diameters of the TTS dots in buffer solution with different pH
(4.0, 7.0, and 10.0).
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Fig. S13 Two-photon cross section of TTS in THF/water suspension (with 99% water
fraction) with a concentration of 10 uM at different excitation wavelengths. (1IGM =
1% 10-° cm* s photo! molecule!)
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Fig. S14 (A—E) One-photon confocal luminescence and (F-J) two-photon scanning
luminescence images of the blood vessels of mouse ear intravenously injected with TTS
dots at penetration depth of 100—140 um. Scale bar: 100 pum.

Notes and references

1. D. Lumpi, B. Holzer, J. Bintinger, E. Horkel, S. Waid, H. D. Wanzenbock, M.
Marchetti-Deschmann, C. Hametner, E. Bertagnolli, I. Kymissis, J. Frohlich, New J.
Chem. 2015, 39, 1840—1851.

2. X.F.Duan,J. Zeng, J. W. Lii, Z. B. Zhang, J. Org. Chem. 2006, 71, 9873-9876.
3. (a) W.Qin, K. Li, G. Feng, M. Li, Z. Yang, B. Liu, B. Z. Tang, Adv. Funct. Mater.
2014, 24, 635-643; (b) J. Liu, L. Bu, J. Dong, Q. Zhou, Y. Geng, D. Ma, L. Wang, X.
Jing, F. Wang, J. Mater. Chem. 2007, 17, 2832—-2838.

18



