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Traditional fluorescence switching molecules achieving the state change between on and off states com-
monly based on UV irradiation. However, it is worth noting that UV irradiation is harmful to both the can-
cer cells and the normal cells. To achieve fluorescence switching under visible wavelength and avoid
complicate molecular design, a fluorophore of 2,4,56-tetrakis(carbazol-9-yl)-1,3-dicyanobenzene
(4CzIPN) and a quencher of diarylethene (DAE) were physically incorporated within the biocompatible
block copolymer poly(lactic-co-glycolic acid)-b-poly(ethylene glycol) (PLGA-b-PEG) to form 4CzIPN-
DAE nanoparticles (NPs) through flash nanoprecipitation (FNP). By using the FNP method, the NPs were
prepared within milliseconds in a confined impingement jets dilution (CIJ-D) mixer. Quenching and
recovery of fluorescence could achieve in the presence of DAE under 475 nm and 560 nm irradiation.
Appropriate structure and fluorescent properties of the nanoparticles can be tuned by external conditions
for their efficient fluorescence resonance energy transfer (FRET) in a kinetic stabilization process. This
NPs formation process was further optimized by varying the dilution ratio, Reynolds number (Re) and
polymer concentration to modulate the mixing and particle nucleation and growth process. The size
and fluorescence switching properties of the NPs were systematically investigated in solution and in cel-
lular uptake experiments. This work is anticipated to provide a simple and highly effective engineering
strategy for the modulation of fluorescence switching nanoparticles and beneficial to its engineering
application.
© 2022 The Chemical Industry and Engineering Society of China, and Chemical Industry Press Co., Ltd. All
rights reserved.

Keywords:

Preparation

Kinetic stabilization
Flash nanoprecipitation
Nanoparticles
Fluorescence switch

1. Introduction diffraction limitation and so on [3]. In contrast, materials with

good fluorescence reversibility provide a simple and effective pro-

Cell imaging plays an important role in cancer diagnosis, and
compared to other imaging methods, such as magnetic resonance
imaging and etc, fluorescence imaging is a general imaging strat-
egy [1]. It features non-invasive, high sensitivity and resolution
imaging, which makes it promising in the development of novel
and practical imaging technology [2]. However, conventional fluo-
rescent dyes for fluorescent imaging are useful for cellular studies
but the fluorescence response is irreversible. And thus their practi-
cal application was limited by fluorescence background, optical
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tocol which could circumvent the above limitations [4-7]. Specifi-
cally, the system of combining photochromic materials with
fluorophores showed good fluorescence reversibility [7-9]. Fluo-
rescence switching nanoparticles based on this system have
attracted a great deal of interest in recent years because of their
potential application in optical data storage and super resolution
imaging, etc. [6,7,10-13]. Among of all these photochromic mole-
cules, diarylethene (DAE) is a promising photoswitch which fea-
tures excellent fatigue, thermal stability and rapid response
[11,14]. Plenty of efforts have been put into the development of
fluorescence switching nanoparticles based on DAE. Su and
coworkers|[10] prepared organic nanoparticles based on the system
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of a DAE derivative and the dye of benzothiadiazole (BTD) where
they are covalently linked. With the good overlap between absorp-
tion spectra of the closed state of DAE and emission spectra of BTD,
fluorescence reversibility of nanoparticles could be achieved by
fluorescence resonance energy transfer (FRET) under UV and visi-
ble light and it could be repeated many times. Diarylethene-
perylenebisimide (DAE-PBI) dyad was also chemically synthesized
and fluorescence switching nanoparticles based on this system
were prepared by traditional reprecipitation method [15]. The
nanoparticles with enhanced photostability showed good fluores-
cence quenching and recovery under UV and visible light. Besides,
emulsion polymerization strategy was also used to prepare fluo-
rescence switching polymer nanoparticles based on the fluorescent
materials and DAE, and the nanoparticles displayed fluorescence
modulation in solution and living cells [16]. These nanoparticles
are promising in the development of high fluorescence reversibility
materials and fluorescence imaging technology. While majority of
work mostly involves the chemical structural design which is a
complicated and time-consuming process to delicate control the
energy transfer between the fluorophores and photo switchers
[4,5,17]. And often followed complex preparation method. How-
ever, complicated chemical structural design and tedious prepara-
tion were not anticipated in these studies. Therefore, easily
operated and time-saving methods avoiding molecular structure
design for the preparation of fluorescent nanoparticles are very
helpful for practical clinic applications.

Plenty of methods were used for nanoparticle preparation but
were time-consuming and not easily operated as described before.
Flash nanoprecipitation (FNP) with advantages of fast mixing and
processing, simple setup, controllable size and size distribution of
particles was proposed to solve these problems [18,19]. FNP pro-
cess has been used for preparation of nanomaterials in various
fields, such as drug delivery [20-24], bio-imaging [25,26], catalysis
[27,28], etc. FNP combines rapid mixing technique between solvent
and antisolvent with nucleation and growth of hydrophobic mole-
cules and amphiphilic polymer in microscale to form kinetically
frozen nanoparticles [29] Mixers based on FNP were also studied
before, such as confined impingement jets dilution (CIJ-D) mixer
[30,31], multi-inlet vortex mixer (MIVM) [21,24,32,33], and
microfluidic mixer [34]. The two fluid streams in completely
opposing direction were drove to collide at high velocity for CIJ-
D mixer, where turbulent mixing happened [34]. In the CIJ-D
mixer, the addition of a dilution process after rapid mixing leads
to rapid quenching with high volume of antisolvent which
enhances stability of nanoparticles. CIJ-D mixer has a simple setup,
which is easy to operate and avoids waste of materials [22]. More
importantly, the size and inner structure could be finely tuned by
external factors [20,35] including dilution ratio, flow rate, and
polymer concentration. This potentially offers a good opportunity
to adjust size distribution and fluorescent properties of nanoparti-
cles (NPs) for efficient fluorescence reversibility. In fact, fluores-
cence switching nanoparticles encapsulating FRET pairs for
monitoring nanoparticles in vitro and in vivo have been studied
before [9]. However, tunable size and fluorescent properties of flu-
orescence switching nanoparticles were rarely focused but it is
important to understand the relationship between nanoparticle
structure and FRET process.

In this work, photochromic DAE acted as the photo-switcher,
while 2,4,5,6-tetrakis(carbazol-9-yl)-1,3-dicyanobenzene (4CzIPN)
acted as the fluorescent molecule. Poly (lactic-co-glycolic acid)-b-
poly (ethylene glycol) (PLGA-b-PEG) FDA approved features non-
cytotoxic and good compatibility was chosen as the stabilizer. As
schemed in Fig. 1(a) and (b), when two impingent streams collided
in a confined space, turbulent mixing at microscale was generated
to afford supersaturation of 4CzIPN and DAE together in millisec-
ond scale for nucleation and growth, where size distribution and

fluorescent properties of nanoparticles can be tuned by adjusting
the time of mixing (Tmix) and nucleation and growth (7gasn). The
behaviors of fluorescence quenching and recovery of 4CzIPN-DAE
NPs could be well achieved under 475 nm and 560 nm (Fig. 1(c)).
The NPs formation process and its properties was optimized by
varying process parameters. This work is promising to provide a
more effective engineering strategy for the preparation and modu-
lation of fluorescence switching nanoparticles.

2. Materials and Methods
2.1. Materials

PLGA10k-b-PEG5k were purchased from Yarebio, DAE was syn-
thesized according to previous work [36], 4CzIPN was purchased
from Xi’an Polymer Light Technology Corp. Tetrahydrofuran (THF,
AR > 99.5%) was purchased from general-reagent. 3-(4,5-Dimethyl
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was pur-
chased from KeyGEN. Dulbecco’s modified Eagle’s medium
(DMEM) and phosphate buffered saline (PBS) were purchased from
Hyclone. Fetal bovine serum (FBS) and penicillin-streptomycin liq-
uid was purchased from Gibco. Dimethyl sulfoxide (DMSO) was
purchased from Macklin. Potassium dihydrogen phosphate, potas-
sium chloride and sodium chloride of analytical grade were pur-
chased from general-reagent. Sodium phosphate dibasic
dodecahydrate of analytical grade was obtained from Aladdin.
Ultrapure water was used in all experiments.

2.2. Preparation of NPs

The typical procedure for particle preparation using the CIJ-D
mixer was shown in Fig. 1. For the solvent stream, DAE, 4CzIPN
with the same mole ratio, and the amphiphilic polymer PLGA-b-
PEG were dissolved in THF. PBS with pH of 7.4 acted as the antisol-
vent stream. The exit stream was submerged in PBS (pH = 7.4). The
two syringes with equal volume were then pushed rapidly by
pump (Harvard Apparatus, PHD 2000 programmable) to inject
the liquids into the CIJ-D mixer at the equal flow rates, where
the two streams were vigorously mixed. The final NPs suspension
was dialyzed against PBS (pH = 7.4) for 24 h to remove THF com-
pletely before characterization.

2.3. Characterizations of NPs.

A NICOMP 380 ZLS instrument was used to measure the hydro-
dynamic diameter, size distribution (polydispersity index, PDI) of
nanoparticles. The angle of measurement was fixed at 90°. A JEOL
JEM-2100 transmission electron microscope (TEM) with an accel-
eration voltage of 120 kV was used to observe the morphology of
nanoparticles. The sample was prepared by depositing 20 pl of
nanosuspension on a copper grid and dried in air. The fluorescence
spectra were obtained using a F97PRO with 900 V PMT voltage
with an excitation wavelength of 365 nm. The concentration and
encapsulation efficiency [37] of 4CzIPN were determined by
UV1800 analysis.

2.4. In vitro cytotoxicity assay

The human epithelioid cervical carcinoma cell line Hela cells
were provided by the State Key Laboratory of Chemical Engineer-
ing of the East China University of Science and Technology. They
were propagated in dishes cultured at 37 °C under a humidified
5% CO, atmosphere in Hyclone medium supplemented with 10%
FBS and 1% penicillin-streptomycin.
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Fig. 1. Schematic illustration of (a) flash nanoprecipitation process with CIJ-D mixer and rapid mixing between two streams; (b) process of nucleation, growth of hydrophobic
molecules and amphiphilic polymer. (c) Photo switch of DAE without 4CzIPN, fluorescence quenching and recovery of 4CzIPN-DAE NPs in solution and in vitro.

The cytotoxicity of NPs using Hela cells was measured by MTT
assay [35]. Cells were plated in 96-well plates in 100 pl volume
of DMEM medium with 10% FBS and 1% penicillin-streptomycin,
at a density of 5 x 10> cells/well. After incubation for 24 h, the pre-
vious medium was removed, and the fresh medium containing dif-
ferent concentrations of 4CzIPN-DAE NPs was added. 20 pul MTT
was directly added to each well after incubation for a certain time,
and then cultured with cells at 37 °C under a humidified 5% CO,
atmosphere for 4 h. The previous medium was removed and
150 pl DMSO was then added. The absorbance of solution was
measured at 490 nm. Each sample was measured in triplicate.

2.5. Confocal fluorescence imaging for living cells.

1.0 ml of DMEM containing Hela cells were plated onto glass-
bottom dish and allowed to adhere for 24 h before treatment.
The previous medium was removed, cells were then exposed to
different 4CzIPN concentrations of NPs solutions, and incubated
for several h at 37 °C under a humidified 5% CO, atmosphere. After
that, the cells were washed by PBS for three times and the 1.0 ml
fresh medium was added. Fluorescence imaging was then per-
formed using a confocal laser scanning microscope (CLSM, Leica
SP8) with a 40x objective lens. The fluorescence signals were col-
lected at 468-518 nm, using a laser at 458 nm as excitation light
source.

3. Results and Discussion
3.1. Preparation of fluorescence switching NPs

The chemical structures of the hydrophobic molecules and sta-
bilized copolymer were shown in Fig. 1(a). 4CzIPN with a ACDLogP
[38] (calculated by freeware ACD/Chemsketch and used for the
prediction of hydrophobicity) around 16.74 is a fluorescent mole-

cule, and DAE with a ACDLogP around 7.49 is a photo switchable
molecule. The amphiphilic block polymer, PLGA-b-PEG, featuring
biocompatible, biodegradable and nontoxic, is used for the stabi-
lizer to prepare fluorescence switching NPs. CIJ-D mixer is an ideal
device by providing two impingent flows to create microscale mix-
ing for two hydrophobic molecules assembly simultaneously [30].

The size, morphology and fluorescent intensity have tremen-
dous influence on the efficiency of cellular uptake. It has been
reported that the diameter of 100 nm nanoparticles exhibit much
greater uptake compared to 1 pum and 10 pm particles [39]. As
shown in Fig. 2(a), the size of NPs produced by FNP was 152 nm
with a PDI of 0.152 characterized by dynamic light scattering
(DLS). The corresponding TEM image indicated that the morphol-
ogy of NPs was spherical (Fig. 2(b)), with a mean diameter of
138 nm. The 4CzIPN and DAE were intermingle with the PLGA
block of the amphiphilic copolymer, which were in turn sur-
rounded by the hydrophilic PEG corona. The PEG corona was not
visible in TEM because of its low contrast [21,40], which explains
the diameter characterized by TEM was a little smaller than the
data of DLS [24]. The absorbance and fluorescence spectra of the
NPs were shown in Fig. 2(c) and 2(d), the open ring isomer of
DAE (DAE-o0) has obvious photochromism in aqueous phase. Irradi-
ation of DAE-o with 475 nm light led to a new absorption at
560 nm in the presence of 4CzIPN (Fig. 2(c)), accompanied by
quenching around 75% of the fluorescence of 4CzIPN within
120 s in photo stationary state (PSS) as presented in Fig. 2(d).
The fluorescence spectra of 4CzIPN partially overlaps with the
absorption of DAE in the closed-ring isomer (DAE-c), which
resulted in strong energy transfer from the energy donor (4CzIPN)
to the acceptor (DAE-c), while the absorption spectra of DAE-o
showed no overlap. From these spectra properties, it is expected
that only DAE-c could work as a fluorescence quencher for 4CzIPN.
Under 560 nm light irradiation, both absorption and fluorescence
of 4CzIPN-DAE NPs almost completely recovered to the spectra
before 475 nm irradiation according to the spectral change
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Fig. 2. (a) Diameter, PDI and (b) TEM image of 4CzIPN-DAE NPs. (c) The corresponding absorption and (d) fluorescence spectra of 4CzIPN-DAE NPs in PBS solution
(Jex = 365 nm). Experimental conditions: DAE: 0.1 mg-ml~!, 4CzIPN: 0.19 mg-ml~!, PLGA;q.-b-PEGs;: 2.5 mg-ml~!, Re: 4356, dilution ratio (dilution ratio represents the

volume of PBS used to dilute/the volume of THF): 18.

(Fig. 2(c) and 2(d)), showing the classical switchable property of
DAE. It was demonstrated that such water “soluble” fluorescence
switching NPs, which integrated two isolated hydrophobic mole-
cules into a single nanoparticle, thus provide an ideal platform
for application in super resolution imaging owing to their good flu-
orescence reversibility in water. The fluorescence switching behav-
iors and size of the NPs strongly depend on the external factors
during the FNP process, which are needed to be carefully consid-
ered, such as dilution ratio, flow rate and polymer concentration.

3.2. Influence of dilution ratio

As shown in Fig. 3(a) and (b), when the volume of the dilution
stage (i.e., the volume of PBS in outlet beaker) was changed from
4.5 ml to 27 ml corresponding to the change of dilution ratio
(the volume of PBS used to dilute/the volume of THF) from 3 to
18, all 4CzIPN-DAE NPs exhibited particle sizes about 80 nm with
PDI below 0.3 characterized by DLS. Fig. 3(c) indicated that the flu-
orescence intensity was almost constant at different dilution
ratios. It might be that partial 4CzIPN molecules of 4CzIPN-DAE
NPs prepared at a low dilution ratio dissolved in the organic phase,
which were removed through dialysis leading to the concentration
of 4CzIPN decreasing and the fluorescence intensity decreasing
[41]. Therefore, the fluorescence intensity remained almost the
same at different dilution ratios. For CIJ-D mixer, the subsequent
dilution process with high volume of antisolvent leads to rapid

quenching that enhances nanoparticle stability to some extent
[30]. PLGA-b-PEG, which was also studied with a glass transition
temperature (Tg) of PLGA above room temperature, has a larger dif-
ference in solubility with PEG and PLGA, thus less PEG to be
trapped in the internal structure of an amphiphilic polymer based
nanoparticle, resulting in higher PEG surface coverage and greater
stability [40]. As shown in Fig. 3(d), these particles showed good
long-term (~14 d) stability.

3.3. Influence of flow rate

The effect of flow rate reflected by the Reynolds number (Re)
was further investigated. Han et al. [30] investigated and finally
confirmed that that higher Re was related with more efficient mix-
ing. The Re in the present mixing system was defined as follows
[30].

n 4 n Q;
Re:;Rei:ﬁgg (1)

where p; is the density of the fluid (kg-m~—); Q; is the volumetric
flow rate of the inlet stream (m>.s™!); y; is the viscosity of the fluid
(Pa-s); d is the stream inlet diameter (m), which is the same for the
two inlet streams. The Reynolds number calculated according to Eq.
(1) by changing the flow rates of the two streams was shown in
Table S1 (in Supplementary Material).
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Fig. 3. (a) Size, (b) PDI, (c) normalized FL intensity and (d) stability of 4CzIPN-DAE NPs prepared at different dilution ratios (the volume of PBS used to dilute/the volume of
THF) after dialysis. Experimental conditions: DAE: 0.1 mg-ml~', 4CzIPN: 0.19 mg-ml~!, PLGA;,-b-PEGs: 5.0 mg-ml~', Re: 4356.

It was shown that the size of the nanoparticles reduced from
140 nm to 80 nm upon increasing Re from 726 to 6660 as indicated
in Fig. 4(a). As the mixing time became shorter accompanied by
higher Re within the mixer, the mixed fluid performed much more
homogeneous and effective mixing [18]. Therefore, when Re was
increased at first, the ratio of Tpx/Thasn Was much larger than 1
and the size of 4CzIPN-DAE NPs decreased greatly. However, it
was noted that size of nanoparticles didn’t change even if Re
increased when Re was larger than 4356, hence Re was kept at
4356 in the subsequent studies. This phenomenon corresponds
to the facts that when the ratio of 7.,ix/Taasn Was much less than
1, the critical particle size formed under homogeneous conditions
[19]. Fig. 4(b) indicated the good stability of the nanoparticles at
different Re values, which means 4CzIPN-DAE NPs prepared by
FNP could be stable and suitable for different particle size require-
ments. Additionally, Fig. 4(c) showed that the fluorescence inten-
sity remained constant under different Re values. This probably
suggests that as the concentrations of 4CzIPN, DAE and PLGA-b-
PEG were fixed, the compositions of two hydrophobic molecules
were kept same in the final NP suspension.

3.4. Influence of polymer concentration

The effect of polymer concentration was then investigated.
When the polymer concentration varied from 0.5 mg-ml~! to
10 mg-ml~! as shown in Fig. 5(a), the size of NPs decreased from
220 nm to 120 nm. This can be explained by the competition
between solute nucleation and growth and polymer aggregation/

stabilization during FNP process [18,19]. In the FNP process,
hydrophobic block of the polymer and hydrophobic molecules
were nucleated simultaneously to form nucleus and then grew,
while the polymer aggregated and stabilized the nucleus forming
nanoparticles [18]. The precipitation time of PLGA-b-PEG became
shorter under higher polymer concentration [19] and less aggre-
gates formed the nucleus of nanoparticles leading to smaller
nanoparticles. At low concentrations (<1 mg-ml~!), the nanoparti-
cles were unstable and started to aggregate (Fig. 5(b)) after one
week due to the low surface coverage of PEG [19]. Fig. 5(c) showed
the fluorescence intensity of 4CzIPN-DAE NPs before 475 nm irra-
diation increased almost ten times as the polymer concentration
increased. The same phenomenon also happened in 4CzIPN NPs
without DAE (Fig. S1). At higher polymer concentration, much
smaller size of the nanoparticles were formed accompanied by
much higher encapsulation efficiency of 4CzIPN (Table S2) which
greatly enhanced the fluorescence intensity of the nanoparticles
[41].

As shown in Fig. 6(a) and (b), fluorescence intensity can be
quenched by 475 nm irradiation and can be reversed after
560 nm irradiation. Such reversibility was observed for 4CzIPN-
DAE NPs at different PLGA-b-PEG concentrations. While the largest
fluorescence intensity and contrast was observed for highest poly-
mer concentrations at 10 mg-ml~!. The polymer concentration of
1 mg:ml~! and 10 mg-ml~! were used to study the fluorescence
reversibility. After 120 s irradiation at 475 nm, the fluorescence
intensity of 4CzIPN can be mostly quenched and recovered com-
pletely after 560 nm irradiation for 180 s at both concentrations.
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As shown in Fig. S2, the fluorescence intensity of 4CzIPN-DAE
nanoparticles only decreased a little after twelve days’ storage at
room temperature, indicating little degradation of the nanoparti-
cles. FRET efficiency was also calculated according to the Eq. (2)
in the article [42]. (calculate based on Fig. 6(b)).

E = (1 —FDA/FD) x 100% = (1 — 0.24/0.94) x 100% = 74.47%
(2)

where Fp and Fpa were the fluorescence intensity of the donor in the
absence and presence of acceptor.
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3.5. Fluorescence reversibility in vitro

The cytotoxicity of 4CzIPN-DAE NPs were also evaluated via
MTT assay. As shown in Fig. 7, the viabilities of Hela cells remained
higher than 90% after 6 h and 24 h incubation with various concen-
trations of 4CzIPN-DAE NPs, revealing the low cytotoxicity of
4CzIPN-DAE NPs.

The nanoparticles also showed good stability in DMEM as
shown in Fig. S3. The cellular uptake behaviors of 4CzIPN NPs were
studied using HeLa cells as the cell line. As shown in Fig. S4, 4CzIPN
NPs with a concentration of 4CzIPN (15 pmol-L~') were incubated
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Fig. 6. Fluorescence spectra change of 4CzIPN-DAE NPs with the polymer concentration of (a) 1 mg-ml~! and (b) 10 mg-ml~! in PBS solution upon irradiation with 475 and
560 nm lights (Jex = 365 nm). Among of these, the black line (a) and (b) corresponded to the fluorescence intensity of 4CzIPN-DAE NPs before 475 nm irradiation.
Experimental conditions: DAE: 0.1 mg-ml~', 4CzIPN: 0.19 mg-ml~!, dilution ratio: 18, Re: 4356.
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0.95 mg-ml ™!, dilution ratio: 18, Re: 4356, PLGA;ox-b-PEGs;: 10.0 mg-ml ™.
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Fig. 7. Concentration-dependent cytotoxicity of 4CzIPN-DAE NPs after 6 and 24 h
incubation. Experimental conditions: DAE: 0.5 mg-ml~!, 4CzIPN: 0.95 mg-ml~!,
dilution ratio: 18, Re: 4356, PLGA;oi-b-PEGs;: 10.0 mg-ml 1.

with Hela cells for 6 h, CLSM was used to capture the fluorescence
image. We can easily find that the fluorescence intensity remained
the same after either 458 nm or 561 nm irradiation, which showed
that fluorescence intensity of 4CzIPN remained same after different
lights irradiation in the absence of DAE.

Inspired by the obvious fluorescence switching performance of
4CzIPN-DAE NPs in PBS solution, 4CzIPN-DAE NPs were then
applied in vitro. The 4CzIPN-DAE NPs applied in cells were first
characterized (Fig. S5) . The size of 4CzIPN-DAE NPs was
134.8 nm with PDI of 0.190. FRET efficiency could reach 81.58% cal-
culated by Eq. (2). Fig. S6 showed that fluorescence intensity
depended on the concentration of 4CzIPN, where 15 pmol.L™!
was found the most suitable concentration for cell imaging. Fig. 8
(a) showed that the fluorescence images of Hela cells treated with
4CzIPN-DAE NPs incubation for 6 h at 37 °C, which revealed a
bright green fluorescence before 475 nm irradiation. It indicated
that 4CzIPN-DAE NPs were internalized into Hela cells. After
458 nm irradiation for 3 min, fluorescence dramatically decreased
as shown in Fig. 8(b) due to the photo induced ring closing process
of DAE causing the fluorescence intensity quenching of 4CzIPN. The

emission spectra of 4CzIPN and the absorption spectra of DAE-c
overlapped to some extent, and the distance between 4CzIPN and
DAE was less than 10 nm within the nucleus of NPs leading to
FRET, resulting in the fluorescence of 4CzIPN ultimately quenching
by DAE-c. After 561 nm irradiation for 5 minutes, the fluorescence
of 4CzIPN gradually recovered because of the state change from
DAE-c to DAE-o (Fig. 8(c)).

4. Conclusions

In conclusion, the fluorescent 4CzIPN and the photochromic
DAE were physically encapsulated into a single NP via FNP for effi-
cient switchable fluorescence response. The formed 4CzIPN-DAE
NPs exhibited spherical morphology with size between 74 nm
and 245 nm. The size distribution and fluorescence switching
behaviors of 4CzIPN-DAE NPs could be easily controlled by
micro-mixing conditions in a CIJ-D mixer by adjusting the dilution
ratio, flow rate and polymer concentration. The fluorescence
switching between on and off state were successfully demon-
strated in PBS solution and in Hela cells. Quenching and recovery
of 4CzIPN-DAE NPs could be successfully achieved under
475/458 nm and 560/561 nm lights irradiation in solution and
vitro experiments. This work could provide opportunities for
super-resolution imaging in the future.
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Nomenclature
d stream inlet diameter, m
E FRET efficiency,E = (1 — FDA/FD) x 100%
Fp fluorescence intensity of the donor in the absence of accep-
tor
Fpa fluorescence intensity of the donor in the presence of
acceptor
Qi volumetric flow rate of the inlet stream, m>-s~!
n n
Re Reynolds number, Re = >~ Re; = 2, p,;—@'
i=1 i-1 "
T, glass transition temperature, °C
Jex excitation wavelength, nm
Wi viscosity of the fluid, Pa-s
pi density of the fluid, kg-m >
Tflash time of nucleation and growth, s
Trmix time of mixing, s
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