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ABSTRACT: Fluorescent organic dots are emerging as
promising bioimaging reagents because of their high bright-
ness, good photostability, excellent biocompatibility, and facile
surface functionalization. Organic dots with large two-photon
absorption (TPA) cross sections are highly desired for two-
photon fluorescence microscopy. In this work, we report two
biocompatible and photostable organic dots fabricated by
encapsulating tetraphenylethene derivatives within DSPE-PEG
matrix. The two organic dots show absorption maxima at 425
and 483 nm and emit green and red fluorescence at 560 and
645 nm, with high fluorescence quantum yields of 64% and
22%, respectively. Both organic dots exhibit excellent TPA
property in the range of 800−960 nm, affording upon excitation at 820 nm remarkably large TPA cross sections of 1.2 × 106 and
2.5 × 106 GM on the basis of dot concentration. The bare fluorophores and their organic dots are biocompatible and have been
used to stain living cells for one- and two-photon fluorescence bioimagings. The cRGD-modified organic dots can selectively
target integrin αvβ3 overexpressing breast cancer cells for targeted imaging. The organic dots are also applied for real-time two-
photon fluorescence in vivo visualization of the blood vasculature of mouse ear, providing the spatiotemporal information about
the whole blood vascular network. These results demonstrate that the present fluorescent organic dots are promising candidates
for living cell and tissue imaging.
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■ INTRODUCTION

Two-photon fluorescence (TPF) microscopy is a highly
promising noninvasive technology for living cell and tissue
imaging, which shows increased penetration depth, higher
spatiotemporal resolution, diminished tissue autofluorescence
interference, and reduced photodamage as compared to one-
photon imaging.1−5 The excitation lights used for TPF
technology are usually in the near-infrared (NIR) region
(700−1000 nm) to which the water and blood are nearly
transparent and nonscattering. Hence, the contrast agents
should possess large two-photon absorption (TPA) cross
sections (δ) in this NIR region for TPF microscopy. In
addition, high fluorescence quantum yields (Φ) of the contrast

agents are also desirable for high-contrast TPF images. The
two-photon action cross section is determined as the product of
δΦ,6 and a large δΦ value is beneficial to increase the quality of
the images and reduce the demand on equipment.
Recently, there has been strong motivation and great

endeavor to develop fluorescent organic dots for biomedical
applications such as targeted bioimaging7−11 because of their
distinct advantages, including lower cytotoxicity than inorganic
quantum dots12−14 and higher photobleaching resistance than
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molecular probes such as fluorescent proteins15−17 and small
organic dyes.18−21 These organic dots are comprised of organic
fluorophores as the emitting core and biocompatible/
biodegradable polymers as the encapsulation matrix, and they
can enter the targeted cells easily via an endocytosis
process.22−25 Surface functionalization can be readily carried
out on organic dots to endow them with high selectivity and
specificity and to improve their solubility and stability in
aqueous environments as well. Organic dots for TPF
microscopy applications have been extensively studied, whose
δ values are envisioned to reach a higher level simply by
increasing the amount of organic fluorophores encapsu-
lated.26−28 The approach shows the merit of avoiding the
complicated synthetic procedures to enlarge the δ value of
organic molecules, but may encounter a new problem of
fluorescence quenching as many common fluorophores show
aggregation-caused quenching in solid state.
To solve this problem, a novel photophysical phenomenon

of aggregation-induced emission (AIE)29−31 has drawn
researchers’ attention. The emissions of AIE-active molecules
are enhanced rather than weakened during the aggregation
process, affording high fluorescence efficiencies in nanoparticles
and solid films. Preliminary results have shown that fluorescent
organic dots for TPF bioimaging application are achievable by
encapsulating organic fluorophores within the polymeric
matrix.32−38 To further develop organic dots with excellent
TPA properties, tunable emission wavelengths, and high
emission efficiencies, in this work we designed and synthesized
two fluorophores for the fabrication of organic dots for TPF
bioimaging application (Figure 1). Both molecules have an

electron donor−acceptor (D−A) framework but with distinct
green and red fluorescence. Tetraphenylethene (TPE),32,39−42 a
famous AIE archetype, is used as functional group to alleviate
the emission-quenching effect caused by the strong dipole−
dipole interactions of D−A molecules during the dot
fabrication process. The DSPE-PEG encapsulated organic
dots were fabricated and show high Φ values up to 64% and
large δ values up to 2.5 × 106 GM (1 GM = 1 × 10−50 cm4 s
photon−1 molecule−1) per dot upon excitation at 820 nm. Both
dots perform well in TPF imaging of targeted cancer cells and
real-time intravital visualization of the blood vasculature of
mouse ear.

■ RESULTS AND DISCUSSION

The new TPE derivatives, PIPBT-TPE and PITBT-TPE, were
synthesized in good yields according to the synthetic routes
illustrated in Scheme S1. Detailed synthetic procedures and
characterization data are described in the Supporting
Information. Both fluorophores can be molecularly dissolved
in THF and DMSO but are insoluble in water. To improve
water solubility, stability, and selectivity of PIPBT-TPE and
PITBT-TPE for bioimaging, fluorescent organic dots based on
their aggregates were formulated by a modified nano-
precipitation method using 1,2-distearoyl-sn-glycero-3-phos-
phoethanolamine-N-[methoxy(polyethylene glycol)-2000
(DSPE-PEG) as the encapsulation matrix (Figure 1).26,43 The
average hydrodynamic diameters of the organic dots of PIPBT-
TPE and PITBT-TPE were determined to be ∼45 and ∼40
nm, respectively, by dynamic light scattering (DLS; Figure 2).
The high-resolution transmission electron microscopy (HR-
TEM) images reveal spherical morphologies with mean
diameters of ∼40 and ∼35 nm (insets, Figure 2) for PIPBT-
TPE dots and PITBT-TPE dots, respectively. As shown in
Figures S1 and S2, there are no obvious changes in the particle
size and zeta potential in 4 weeks, and no aggregation and
precipitation was observed for PIPBT-TPE dots and PITBT-
TPE dots in aqueous solutions after being stored at 4 °C for
several months, all of which indicate the good stability of the
dots.
As illustrated in Figure 3A, in THF solution PIPBT-TPE

shows an absorption maximum at 418 nm and green
photoluminescence (PL) at 550 nm, whereas PITBT-TPE
absorbs much longer wavelengths at 476 and emits red PL at
598 nm. Although the structural difference between PIPBT-
TPE and PITBT-TPE is small, the absorption and PL spectra of
PITBT-TPE are greatly bathochromically shifted relative to
those of PIPBT-TPE, which is mainly caused by the stronger
intramolecular charge transfer (ICT) originating from the
better electron-donating ability of the thiophene group than the
phenyl ring.44 PIPBT-TPE and PITBT-TPE in THF solutions
show good TPA properties in the range of ∼750−850 nm, with
maxima δ values of 120 and 325 GM per fluorophore molecule,
respectively, at an excitation wavelength of 810 nm (Figure S3).
Most fluorophores that bear TPE moiety are weakly fluorescent
in solutions because the active intramolecular rotation (IMR)
process of the TPE moiety can effectively deactivate the excited
state in a nonradiative manner.30,31 PIPBT-TPE and PITBT-
TPE, however, are highly emissive in THF solutions, giving
excellent Φ values of 81 and 84%, respectively. Owing to the
low energy level of benzo-2,1,3-thiadiazole moiety, the lowest
unoccupied molecular orbitals (LUMOs) of PIPBT-TPE and
PITBT-TPE are mainly localized on this moiety, whereas the
TPE moiety shows no contribution to the LUMOs, as revealed
by the theory calculation (Figure 4). The highest occupied
molecular orbitals (HOMOs), however, are extended obviously
along the whole conjugated backbones, but the TPE moiety
shows relatively small contribution. These electronic structures
imply that the IMR process of the TPE moiety becomes
ineffective in quenching the excited states of PIPBT-TPE and
PITBT-TPE, rendering high Φ values of the molecules in the
solution state.36,40,44

The absorption maxima of PIPBT-TPE dots and PITBT-
TPE dots are located at 425 and 483 nm, respectively, which
are close to those in THF solutions (Table 1). The emission
peaks of PIPBT-TPE dots and PITBT-TPE dots are centered at

Figure 1. Schematic illustration of organic dots based on PIPBT-TPE
and PITBT-TPE.
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560 and 645 nm. Large Stokes shifts of 135 and 162 nm are
found for PIPBT-TPE dots and PITBT-TPE dots, respectively,
which can minimize the background interference and are
favored in bioimaging applications (Figure 3B). In comparison
with the PL in THF solution, the PL of PITBT-TPE dots
exhibits a bathochromic shift of 47 nm, which is much larger
than that of PIPBT-TPE dots (10 nm). The Φ values of
PIPBT-TPE dots and PITBT-TPE dots in aqueous solutions
were determined to be 64 and 22%, using 4-(dicyano-
methylene)-2-methyl-6-[4-(dimethylaminostyryl)-4H-pyran]

(DCM) in methanol as the reference (43%). The Φ value of
PITBT-TPE dots decreases greatly relative to that in solution,
whereas the Φ value of PIPBT-TPE dots shows a smaller drop.
The larger decrease in emission efficiency and stronger
bathochromic shift in emission wavelength of PITBT-TPE
versus PIPBT-TPE dots should be attributed to that the
PITBT-TPE molecules undergo stronger intermolecular di-
pole−dipole interactions in the aggregated state because of
their stronger ICT effect and larger dipole moment (Figure 4).
The TPA spectra of PIPBT-TPE dots and PITBT-TPE dots

in aqueous solutions were investigated by TPA imaging
microscopy in the wavelength range of 800−960 at 10 nm
intervals. Figure 5 indicates that the maximum δ values of
PIPBT-TPE dots and PITBT-TPE dots are 1.2 × 106 and 2.5 ×
106 GM (based on dot concentration) at an excitation
wavelength of 820 nm, resulting in Φδ values of 7.7 × 105

and 5.6 × 105 GM, respectively, calculated by using Rhodamine
6G in methanol as the reference. The values of δ and Φδ are
much higher than those of widely used commercial dyes, such
as Evans Blue, and other nanoparticles in the litera-
ture.26,28,38,45−47 These results indicate that PIPBT-TPE dots
and PITBT-TPE dots are promising luminescent reagents for
TPA imaging.
Before evaluating the actual performance of the dots, the

one- and two-photon fluorescence bioimaging applications of
the bare fluorophores were tested. As shown in Figure 6A,B,
strong red fluorescence is recorded from the cytoplasmic
regions of HeLa cells upon incubation with PITBT-TPE in
DMSO solution (10 μg mL−1) for 2 h and excitation at 488 nm.
Similar fluorescence images are also obtained upon excitation at
980 nm (Figure 6C,D), indicative of the great potential for TPF
imaging. PIPBT-TPE in DMSO solution also shows good
ability to stain cytoplasm of HeLa cells, and bright-green
fluorescence is observed under excitation at 405 nm (Figure
S4A,B). However, when excited at 980 nm, the fluorescence
signal is hardly collected (Figure S4C,D), owing to the weak
TPA of PIPBT-TPE at such long wavelength. In view of this,
the red-fluorescent PITBT-TPE is more advantageous than
green-fluorescent PIPBT-TPE for TPF imaging. Both PIPBT-
TPE and PITBT-TPE show low cytotoxicity, as revealed by
methylthiazolyldiphenyltetrazolium bromide (MTT) assays to
evaluate the metabolic viability of HeLa cells after incubation
with PIPBT-TPE or PITBT-TPE in DMSO at varied
concentrations (Figure S5). These results demonstrate that

Figure 2. DLS results of (A) PIPBT-TPE dots and (B) PITBT-TPE dots; insets, HR-TEM images of the dots.

Figure 3. Absorption and PL spectra of PIPBT-TPE and PITBT-TPE
(A) in THF solutions and (B) in dots in aqueous solutions.
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PIPBT-TPE and PITBT-TPE themselves are biocompatible
and can directly stain cells for fluorescence bioimaging.
The one- and two-photon fluorescence bioimaging applica-

tions of PIPBT-TPE dots and PITBT-TPE dots were further
investigated. To improve the cancer-cell specificity of both dots,
cyclic arginine-glycine-aspartic acid (cRGD) tripeptide, which
could target integrin αvβ3 overexpressing cancer cells, was
further conjugated to the surface of the dots for targeted cancer
cell imaging.48 Using (1,2-distearoyl-sn-glycero-3-phospho-
ethanolamine-N-[maleimide(polyethylene glycol)-2000])
(lipid-PEG-Mal) as the matrix, followed by click reaction with
thiol-functionalized cRGD, the obtained dots have a high

concentration of cRGD on the surface. Cell imaging was
conducted by incubating MDA-MB-231, an integrin αvβ3
overexpressing breast cancer cell line, and normal NIH/3T3
mouse cell line for 4 h in cell culture medium with 2 nM
PIPBT-TPE-cRGD and PITBT-TPE-cRGD dots at 37 °C. The
cells were further costained with a nucleic acid stain, 4′,6-
diamidino-2-phenylindole (DAPI), to localize the distribution
of dots in the cell. Confocal images illustrated in Figures 7 and
8 reveal that MDA-MB-231 cells display strong green or red
fluorescence from cell cytoplasm, whereas almost no
fluorescence from the cytoplasm of NIH/3T3 cells but only
blue fluorescence at the nucleus generated by DAPI could be
observed, indicating that both dots could selectively target
integrin αvβ3 overexpressing breast cancer cells for targeted
imaging.
TPF microscope imaging of MDA-MB-231 cells was further

studied with an excitation wavelength at 800 nm, and the
emission was collected using a 580−760 nm bandpass filter. As
shown in Figure 9, the cytoplasm could be clearly distinguished
and cell morphology is readily discerned by the strong
fluorescence, proving that PIPBT-TPE-cRGD and PITBT-
TPE-cRGD dots are promising TPF probes for cell imaging.
The cytotoxicity of PIPBT-TPE-cRGD and PITBT-TPE-cRGD
dots was also investigated by using MTT assays through
evaluation of the metabolic viability of MDA-MB-231 breast
cancer cells after incubation with both dots at various
concentrations and time. Figure 10 shows the cell viability
after incubation with the dots suspension at 1, 5, and 10 μM

Figure 4. Optimized molecular structures and molecular orbital amplitude plots of HOMOs and LUMOs of PIPBT-TPE and PITBT-TPE calculated
using the B3LYP/6-31G(d) basis set.

Table 1. Optical Properties of PIPBT-TPE and PITBT-TPE in THF and in Dots

THF dots

λabs (nm) λem (nm) Φ (%)a δ (GM) λabs (nm) λem (nm) Φ (%)b δ (× 106, GM)

PIPBT-TPE 418 550 81 120 425 560 64 1.2
PITBT-TPE 476 598 84 325 483 645 22 2.5

aDetermined using an integrating sphere. bDetermined using DCM in methanol as the reference (Φ = 43%).

Figure 5. Two-photon absorption (TPA) spectra of PIPBT-TPE dots
and PITBT-TPE dots in aqueous solutions.
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dye concentrations for 24, 48, and 72 h, respectively. The high
cell viability indicates the good biocompatibility of the dots.
Meanwhile, the photostability of the PIPBT-TPE dots and

PITBT-TPE dots was also evaluated by comparing the
fluorescence intensity at various time points in the MDA-
MB-231 cancer cells with initial fluorescence intensity after

continuous scanning. Generally, both kinds of dots show pretty
good photostability, which indicates their ability for biological
fluorescence imaging. Close survey of the results discloses that
PIPBT-TPE dots show almost no decrease in emission
intensity, but the emission intensity of PITBT-TPE dots
drops by ∼25% upon continuous laser excitation at 800 nm for

Figure 6. Confocal images of HeLa cells stained by PITBT-TPE dissolved in DMSO solution (10 μg mL−1). The images were obtained upon
excitation at (A) 488 nm and (C) 980 nm, and the fluorescence was collected through a 570−620 nm bandpass filter. (B and D) Merged images of
corresponding bright-field images with panels A and C, respectively. All the images share the same scale bar of 20 μm.

Figure 7. Confocal images of (A and B) MDA-MB-231cells and (D and E) NIH/3T3 cells labeled by PIPBT-TPE-cRGD dots upon excitation at
405 nm. (C and F) Corresponding bright-field images. The nuclei were stained by DAPI (λex = 358 nm, λem = 461 nm). All the images share the
same scale bar of 40 μm.
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10 min (Figure 11), demonstrating that the PIPBT-TPE dots
have higher photostability than PITBT-TPE dots. This is

probably due to the fact that the phenyl ring is more tolerant
with photooxidization than thiophene moiety.

Figure 8. Confocal images of (A and B) MDA-MB-231cells and (D and E) NIH/3T3 cells labeled by PITBT-TPE-cRGD dots upon excitation at
488 nm. (C and F) Corresponding bright-field images. The nuclei are stained by DAPI (λex = 358 nm, λem = 461 nm). All the images share the same
scale bar of 40 μm.

Figure 9. Two-photon fluorescence images of MDA-MB-231 cancer cells treated with (A) PIPBT-TPE-cRGD dots and (B) PITBT-TPE-cRGD
dots. All the images share the same scale bar of 100 μm.

Figure 10. Viability of MDA-MB-231 cells after incubation with (A) PIPBT-TPE-cRGD dots and (B) PITBT-TPE-cRGD dots for 24, 48, and 72 h
at different concentrations.
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The applicability of PIPBT-TPE dots and PITBT-TPE dots
for real-time in vivo two-photon fluorescence imaging was
further studied by TPF imaging microscopy. In vivo imaging of
the blood vasculature of mouse ear was conducted using both
dots as the blood vessel visualizing agents. Figure 12 displays
the 3D reconstructions, Z-projected images that demonstrate
the overall blood vasculature, as well as the distinct blood
vasculature at different depths. It is obvious that the blood
vascular network including the major blood vasculature, small
capillaries, and even arteries located deeply over 80 μm could
be visualized, providing spatiotemporal information about the
whole blood vascular network. After injection of PIPBT-TPE or
PITBT-TPE dots, continuous and smooth blood flows with
bright-green or red fluorescence can be clearly observed in
blood vessels (Figure S6) without obvious aggregates
throughout 30 min, indicating the excellent stability and

biocompatibility of PIPBT-TPE dots and PITBT-TPE dots in a
living biological system.

■ CONCLUSIONS
Two TPE derivatives with efficient green and red fluorescence
are synthesized and utilized to prepare organic dots by
encapsulation within DSPE-PEG matrix. The generated organic
dots show high fluorescence efficiency and remarkably large
TPA cross section values. The bare fluorophores in DSMO
solutions and their organic dots in aqueous media can be used
as luminescent reagents for TPF imaging for living cells with
good biocompatibility and high photostability, and the organic
dots carrying cRGD groups at the surface can selectively target
integrin αvβ3 overexpressing breast cancer cells for imaging.
Both organic dots also serve well in real-time two-photon
intravital blood vascular imaging of the mouse ear skin. These
results demonstrate the great potential of the present green and
red fluorescent organic dots in TPF bioimaging applications.

■ EXPERIMENTAL SECTION
Preparation of PIPBT-TPE Dots and PITBT-TPE Dots. PIPBT-

TPE dots and PITBT-TPE dots were prepared using a modified
nanoprecipitation method.21,35 A 1 mL volume of THF solution
containing 1 mg of DSPE-PEG and 0.5 mg of PIPBT-TPE or PITBT-
TPE was mixed with 10 mL of Milli-Q water and immediately
sonicated using a microtip probe sonicator (XL2000, Misonix
Incorporated, NY) at 12 W output for 60 s. The mixture was then
stirred overnight at room temperature to evaporate THF. The solution
was then filtered by a 200 nm syringe filter and concentrated by
centrifugation.

Synthesis of PIPBT-TPE-cRGD Dots and PITBT-TPE-cRGD
Dots. PIPBT-TPE-Mal and PITBT-TPE-Mal dots were first prepared
using the same method by replacing DSPE-PEG with DSPE-PEG-Mal.
Then, 3.6 μL of thiol-functionalized cRGD (0.1 M, DMSO) was added
into 5 mL of PIPBT-TPE-Mal or PITBT-TPE-Mal dots suspension
solution. The mixtures were stirred overnight at room temperature.
The obtained solutions were dialyzed by 12 000−14 000 kDa

Figure 11. Photostability of PIPBT-TPE dots and PITBT-TPE dots in
MDA-MB-231 cancer cells upon continuous laser excitation at 800
nm. I0 is the initial fluorescence intensity, and I is the fluorescence
intensity at various time points after continuous scanning.

Figure 12. Two-photon fluorescence images of ear blood vessels stained with (A) PIPBT-TPE dots and (B) PITBT-TPE dots, including 3D-
reconstructed images of blood vessels, images at different vertical depths of mouse ear, and Z-projection images. All the images share the same scale
bar of 50 μm.
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membrane against Milli-Q water for 3 days in order to remove excess
cRGD and DMSO.
Cell Culture and Imaging with PITBT-TPE and PIPBT-TPE

Dissolved in DMSO. HeLa cancer cells were cultured in 1640
(GIBCO) medium with 10% fetal calf serum and 1% penicillin−
streptomycin (PS, 10 000 IU penicillin and 10 000 μg mL−1

streptomycin, MULTICELL) in a culture flask at 37 °C in a
humidified atmosphere with 5% CO2. HeLa cells were grown
overnight on a plasma-treated 20 mm round coverslip mounted
onto a 35 mm Petri dish with an observation window. The living cells
were stained with PITBT-TPE or PIPBT-TPE in DMSO (10 μg
mL−1) for 2 h. The data were acquired by OLYMPUS biological
confocal laser scanning microscope (model: FV1200). For PITBT-
TPE: excitation wavelength, 488 or 980 nm; emission collected, 570−
620 nm. For PIPBT-TPE: Eexcitation wavelength, 405 or 980 nm;
emission collected, 500−580 nm.
Cell Culture and Imaging with Organic Dots. MDA-MB-231

breast cancer cells and NIH/3T3 mouse cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) containing 10% FBS
and 1% PS at 37 °C in a humidified environment containing 5% CO2.
The cells were precultured to reach confluence before experiments.
MDA-MB-231 breast cancer cells and NIH/3T3 mouse cells were
cultured in the 8-well confocal-imaging chambers at 37 °C. After
reaching 80% confluence, the culture medium was removed and 1×
PBS buffer was used to wash the adherent cells twice. PIPBT-TPE-
cRGD dots or PITBT-TPE-cRGD dots in FBS-free DMEM medium
were added into the wells. The cells were washed three times with 1×
PBS buffer after incubation for 4 h. Then, the cells were further
incubated with DAPI for 30 min and washed twice with 1× PBS buffer.
One-photon fluorescence images of MDA-MB-231 breast cancer cells
and NIH/3T3 were obtained by CLSM (Zeiss LSM 410, Jena,
Germany) with imaging software (Fluoview FV1000). The signal of
PIPBT-TPE-cRGD dots or PITBT-TPE-cRGD dots is collected above
505 nm upon excitation at 488 nm. The signal of DAPI is collected
between 430 and 470 nm upon excitation at 405 nm. Two-photon
fluorescence images of MDA-MB-231 breast cancer cells were
acquired using a TriM Scope II single-beam two-photon microscope
(LaVision BioTec) with a tunable 680−1080 nm laser (Coherent).
Cytotoxicity of PIPBT-TPE and PITBT-TPE Molecules. Viability

of the cells was assayed using cell proliferation Kit I with the
absorbance of 570 nm being detected using a PerkinElmer Victor plate
reader. A total of 10 000 cells were seeded per well in a 96-well plate.
After overnight culture, various concentrations of PIPBT-TPE or
PITBT-TPE were added to the 96-well plate. After 24 h treatment,
100 μL of MTT solution was added to each well. After incubation by 4
h at 37 °C, 200 μL of DMSO was added. Then, the optical density
readings at 570 nm were taken using a plate reader. Each experiment
was performed by at least three times.
Cytotoxicity of PIPBT-TPE-cRGD Dots and PITBT-TPE-cRGD

Dots. MTT assays were applied to assess the metabolic activity of
MDA-MB-231 breast cancer cells. MDA-MB-231 cells were incubated
in 96-well plates (Costar, IL, USA) at a concentration of 4 × 104 cells
mL−1. The culture medium was replaced by fresh culture medium with
different concentrations of PIPBT-TPE-cRGD dots or PITBT-TPE-
cRGD dots after 24 h incubation. The cells were further incubated for
24, 36, and 72 h, respectively. Then, the wells were washed three times
with 1× PBS buffer, and 100 μL of MTT solution (0.5 mg mL−1) was
added into each well. After 3 h incubation, the MTT solution was
carefully removed. DMSO (100 μL) was added into each well. To
dissolve all the precipitates formed, the plate was shaken for 10 min
gently at room temperature. A microplate reader (Genios Tecan) was
used to measure the absorbance of MTT at 570 nm. Cell viability was
calculated by the ratio of absolute absorbance of the cells incubated
with dots suspension to that of the cells incubated with culture
medium only.
Real-Time Two-Photon Intravital Blood Vascular Imaging of

the Ear Skin. For two-photon imaging experiments, mice were first
anesthetized using 150 mg kg−1 ketamine and 10 mg kg−1 xylazine and
then placed on a heating pad to maintain their core body temperature
throughout the imaging procedure. Before injection of PIPBT-TPE

dots or PITBT-TPE dots, the hair on the ear skin is completely
removed using hair removal cream. A 100 μL aliquot of 50 nM PIPBT-
TPE dots or PITBT-TPE dots based on the dot concentration were
administered via retro-orbital injection before imaging. The images
were obtained by using a TriM Scope II single-beam two-photon
microscope (LaVision BioTec) with a tunable 680−1080 nm laser
(Coherent). All procedures were performed under the institution’s
IACUC (Institutional Animal Care and Use Committee) guidelines.
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characterization data, dot concentration calculation, determi-
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dots in 4 weeks (Figures S1 and S2), TPA spectra of PIPBT-
TPE and PITBT-TPE in THF solutions (Figure S3), confocal
images of HeLa cells stained by PIPBT-TPE dissolved in
DMSO solution (Figure S4), spectra of viability of HeLa cells
after incubation with PIPBT-TPE or PITBT-TPE in DMSO
solution for 24 h at different concentrations (Figure S5), and
two-photon images of blood vessels at mouse ear skin after
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