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fluorescent-based ratiometric nanosensor has besigred over the past decade. As a promising
www.rsc.org/
matrix for nanosensor and nanomedicine, silica parteles (SNP) have been widely used due

to the desirable properties which inclutggh loading level of guest moleculdsw toxicity and
easy functionalization. Amination of SNP was essérior binding functional groups, such as
fluorescent molecule, targeting group, whereastipescharged amine will cause the aggregation
of SNP which limits the further application of SNFo circumvent this problem, a simple and
effective strategy has been presented in this pa&pestly, acid was used as catalyst instead of
base to inhibit the SNP aggregation in aminatiomcess. Subsequently, polymers (poly
(ethylene glycol) and hyaluronic acid) were coabedsurface of monodispersed aminated SNP
to obtain excellent colloidal stability. The wellisgersed core-shell SNP were further
functionalized with two pH sensitive fluorophordu@rescein isothiocyanate and Oregon Green
isothiocyanate) and one reference fluorophore @hdde B isothiocyanate), which resulted in
ratiometric pH nanosensors with hydrodynamic dianetf 76-100nm. The sensors exhibited
broad pH measurement range from 3.8 to 7.4 thagrsoalmost all intracellular pH values and

remarkable colloidal stability in buffer solution.

Introduction up in acidic compartments, but this hadmeen tested. Thus,

nanoparticle pH sensors could play an importane roi
Intracellular pH plays a pivotal role in organellssch as . ) ) .

enhancing our basic understanding of nanoparticle
lysosomes and mitochondria, as well as in cell eyc] o ] )

internalization mechanisms and the cellular envitent a
progression and apoptosi8. Consequently, accurate . . ) L .

nanoparticle experiences after internalization, clvhicould
determination of local intracellular pH in orgamsllof living . . .

further improve our understanding of how to dedigtter drug
cells is essential for increasing our understandifi@ellular . ] .

delivery systems that release their cargo in aroiatt manner
processes. Furthermore, great deals of advancey dilivery o .

as a response to acidification in the surroundings.
systems are designed to be pH-sensitive by prayigiructural . .

A number of ratio metric fluorescence method based

changes to drug release in response to decreapél infter .

nanosensors have been developed in the last defmade
endocytosis and during intracellular trafficking ljsosomes:. . )
) o ) intracellular pH measurement by various grotf$.Generally,
1 However, there is very limited knowledge on thiednellular ) ) . . . o

this method is based on the intensity ratio ofeéhgssion peaks
trafficking of these systems, particularly regagiihe pH that .

from the pH sensitive dye and the reference dye¢ wWere
the particles are experiencing after internalizatit present, it . .

covalently bounded to the carrier. A triple fluohape labelled
is just assumed that the pH-sensitive drug deliggstem ends
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polyacrylamide nanosensor with a broad measuremaarge fluorophore for pH values determination. The pregan
was prepared by reverse microemulsion polymerindfio procedure of SNP pH nanosensaran be described by three
During this process tedious freeze-vacuum-thaw repeated steps, amination, polymer coating and dyes coningaflThe
at least four times to remove the dissolved oxydesmrge amination of SNP was necessary for functional group
amount of surfactant and organic solvent were @golved. In conjugating, whereas the procedure of aminationcwhivas
addition, the degradation of polyacrylamide woubdiice the carried outin situ at the end of the Stdber synthesis would lead
leakage of fluorescent molecules and generate axitotand to a strong particle aggregatiGh>® Even after conjugated with
cancerogenic oligomé. water soluble polymer, the white precipitate wal shable to
Silica nanoparticles (SNP) possessing easy falwitat disperse. In this papemmination of SNP was carried out in
large surface area, low toxicity and easy functi@gation acid environment instead of basic environment. SNP
properties have been widely used as the matrixbfological aggregation can be effectively eliminated. Two pudys,
application'*?® To study the pH environment after SNPNPEG and hyaluronic acid (HA), were used for SNEBtiog.
nanomedicine were internalized in cells, SNP bgaedensor PEGylation and HA modification can greatly enhanttesl bio-
was developed.Mou and co-workers reported a fluorescentstability and biocompatibility of particlé§3°After the polymer
pH sensor based on mesoporous silica hanopar(Mighl) and coated SNP were simply washed for several timebl witer
hollow mesoporous silica (HMSN) with expanded plnd ethanol, the particles can be stably dispensebuffer.
measurement ranges (pH response ranges are 4and.@.5- Large scale well dispersed SNP could be preparedhisy
8.5 respectively), but the positive potential (26mvd 30mv simple method. HA could also act as a ligand fous@dr
respectively) would induce some unexpected inteastwith Determinant 44 (CD44) which is overexpressed inesav
the negative proteins and cytomembr&heAdditionally, cancer typeé!“2 Additionally, the intracellular transport of this
exposure to naked SNP can significantly reduce d¢k# rigidity particle can be monitored because of thwrescence,
viability in a dose-dependent and time-dependantrmmeet’ which could provide a new insight into drug deliv@rocess of
Although the SNP is frequently reported as a mdwmixbio- SNP based nanomedicine.
sensing or drug delivering, naked or aminated Shhed to be
aggregated in buffer, and the dried SNP was evablario be Experimental
dispersed®*° The results in our work also confirm thiﬁ\/laterials

suggestion. Brinker and co-workers reported that thast .
Tetraethyl orthosilicate (TEOS), Tetrahydrofuran HE),

NaOH, ammonia solution(25%), HCI (conc.), chloraofor
MgSO,, N-hydroxysuccinimidyl (NHS) (95%-99%) were

purchased from Sinopharm Chemical Reagent Co.,Sddium

majority of dried SNP were undispersible, only avfef
particles were remained after purification by seeclusion-
based separation. These SNP were encapsulatelipimsomes

to enhance their colloidal stability and cargo m&tn in i . .
hyaluronate  (Mw=66000), Aminopropyl triethoxysilane

(APTES) (97%), p-toluenesulfonyl chloride (TsCIp8) were
with serum proteins and non-cancerous ¢&lBut the structure ) . )
purchased from Aladdin Chemistry Co. (Shanghaigthiyl-3-
(3-dimethylaminopropyl)-carbodiimide hydrochloride
(EDC-HCI) (99%) was purchased from Shanghai Medpep

cellular internalizatiori’ To obtain sufficient colloidal and . )
Ltd. Oregon Green isothiocyanate (OG) was purchdsmt

simulated body fluids and minimize nonspecific mtions

was not stable enough for biodetection, because ligé
bilayer may be fused with cell membrane in the psscof

tructural stability, I thyl lycol) (PEG@pafted .
structural - stability, poly - (ethylene glycol) - (PEG)afte Invitrogen. Methoxypolyethylene glycols (MPEG, MW\DED),

colloidal SNP were presented by Zhang and Buitesitui
P y g Rhodamine B isothiocyanate (RhB), Fluorescein isatranate
However, the complicated procedure of gel permaatio . . i
(FS) were purchased from Sigma-Aldrich. All the miheals

chromatography needed to be performed for ammoranch . .
were analytical grade and used without furtherttnest.

residual silane oligomers removing.

In the present paper, a simple method was usedeflare gy nihesis of PEG-silane Precursor (MPEG-Si)
well dispersed SNP which was further functionalizeith

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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Scheme 1 The synthesis of PEG-silane precursor iith
5000.

PEG-silane precursor was synthesized as shownhense 1.

New Journal of Chemistry

centrifugation at 15000rpm for 30 min and purifiedwashing
with ethanol and water for several times. Finathe sample

was dispersed in 20mL Milli-Q water.

PEGylation of SNP

10mL Si-PEG aqueous solution (15mg/mL) was addedQo
mL of SNP-NH aqueous suspension (15mg/mL), the resulting
mixture was stirred overnight. The nanoparticlesenellected

by centrifugation at 13000rpm for 30 min. SNP-NPEG;qq

20g (4.0 mmol) of mMPEG (Mw =5000) in 10 mL THF wergolid was washed with water and ethanol for attléas 5

added to a solution of 800 mg (20 mmol) NaOH in M0

Milli-Q water. The resulting mixture was stirredrfb h at 0°C.
Then 1 g (5.2 mmol) TsCl in 10 mL THF was addedpdnose
to the reaction mixture during 1 h at 0°C. Aftee timixture was
stirred for another 3 h at r.t, the solution wasinea into 20 mL
1 M HCI in beakers and the organic solvent was exatpd in
vacuum. The residue was extracted with 25 mL clidoro for

3 times, and the organic phase was dried over Mg®Oowed

by filtration and the solvent was removed by
evaporation. The transparent crude product wastedawith
1mL (4.3mmol, slightly excess) APTES in 25 mL clolimrm
for 8 h under reflux conditions. The organic solvemas
removed by rotary evaporation to obtain the rawdpob. The
product was precipitated three times with cold etred dried
under vacuum to give 17g (81% yields) mPEG-Si whics

stored at 4°C.

Preparation of SNP
SNP were prepared according to Stober methodl8 mL

ammonia solution was added to 25 mL ethanol at ro

temperature under vigorous stirring. After mixirgg 6 min, 1
mL of TEOS was added and the reaction mixture vilasved
to react for 24 h. The ammonia and oligomers weneaved by
centrifugation at 15000rpm for 30 min, and the dasi was

dispersed in 20 mL ethanol.

Amination of SNP

200 uL of APTES (20% of TEOS) and 204 Milli-Q water
was added into SNP suspension at 60°C and contitustr
for 5min. The solution changed from transparenttudid.
Then 1mL acetate acid was added to eliminate tigeeggtion
and catalyse the hydrolytic condensation. Aftaristj at r.t for
3 hours, the reaction mixture changed to transpagain, with

no sign of aggregation. The SNP-NHvas collected by

This journal is © The Royal Society of Chemistry 2012

times. Finally, the solid was dispersed in Milli\@ater and
kept at 4 °C.

HA Coating of SNP

30 mg EDC was added to 15 mL of HA aqueous solution
(containing 60 mg HA) and stand for 15 min, follavéy
adding 20 mg NHS. Then the mixed solution was adadi&d10

mL of SNP-NH suspension (15mg/mL, acidized by 1M HCI,

rotapgH=2). The mixture was stirred for 12 h at r.t doled by

dialyzing against Milli-Q water for 4 days (4 timesater
change) using cellulose dialysis tubing (MW cuta®0 kDa) to
remove free HA, EDC, and NHS.

Preparation of SNP-OG-FS-RhB-PEG and SNP-OG-FS-
RhB-HA

The primary amino groups in the SNPs were usedijugate
the pH sensitive dyes. 300 of NaHCGOy/Na,CO; buffer (0.2
M, pH 9.2) was added to 5 mL of SNP-PEG aqueoustisol
(50 mg/mL) to deprotonate the primary amine, folkawby

c5:-hqding 83uL FS (1 mg/mL in DMSO), 99L OG (1 mg/mL in

DMSO), and 1751L RhB (1 mg/mL in DMSO) to the SNPs
solution. The reaction mixture was stirred for 4ahd was
dialyzed against Milli-Q water for 4 days using lokdse
dialysis tubing (MW cutoff 10 kDa) to remove anyedr
DMSO. SNP-OG-FS-RhB-HA

synthesized in the same procedure.

fluorophore  and was

pH Calibration Curve from Spectrofluorometer

The pH calibration curve was constructed by fluoeese
measurements. The samples were irradiated at 48@8nand
OG) and 543 nm (RhB) in a quartz cuvette at roamptrature.
The dwell time was 0.2 s, and each sample pointsgasned
twice. Each sample was prepared by adding 110 pH
nanosensors (50 mg/mL) to 1 mL buffer (0.1M). Fasmence

J. Name., 2012, 00, 1-3 | 3
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emission spectra of the nanosensors at different wee
plotted. From the fluorescence emission spect@fOG and
RhB, fluorescence intensity ratios (IOG+IFS)/IRhBere/
calculated. These fluorescence intensity ratioeween plotted
against corresponding pH to obtain the ratiometpkl

calibration curves. The triple labelled nanosemssodlibration
curve was fitted by the following equatidh.

R, R;

R = TopKap 41 T TopRm Pl 1

Ro

Where, R is the ratio of emission intensities of th

-
-

.. RHB os/ "

/-0

APTES mPEG-Si HA

nanosensor. pY and pkK,, describe the specific pialues of

WM r Fornid oo |
UMW s~ olom By forpillontot
ad L In 7 NH| o

the two pH-sensitive fluorophore (OG and FS) coajed to
the SNP. Ri, = Ry is the ratio for the fully protonated sensor )
fluorophore and Ry = Ry + Ry + R, is the ratio for the fully Figure 1 Synthetic Procedure of the sensors.
deprotonated sensor fluorophore. Figure 1 illustrates the design strategy of theionagtric
nanosensors. The sensor design was based on a @HPac
Characterization functional layer and a polymer shell. SNP were pred
The surface electrostatic property (zeta poterfjgl and dynamic according to Stober methddl.In some previous reports,
light scatting (DLS) measurementsvere examined with a amination of SNP was carried oint situ at the end of the
MALVERN zetasizer ZS90. Zeta potential was measuaed Stober synthesiS: 3 % The basic condition in the mixture can
25°C and pH 6; the electrodes were conditioned Wt catalyse the hydrolysis and condensation procefer Adding
aqueous solution (0.5 M) for 200 cycles before raement. APTES for 2 min, large amount of white precipitatas
The samples were diluted with Milli-Q water to andl formed. Even the white precipitate was washed miamgs
concentration 0.25 mg/mL. Each data point is theraye of 3 with water and ethanol, it was still undispersaiée tried to
measurementsThe hydrodynamic diameter was measured mtodify the aggregated particles with PEG. The oiatdi
room temperature with a fixed scattering angle @f. 4.6 mL product is either too big (diameter > 300nm by Dbb8unable
of pH nanosensors (0.25 mg/mL) in Milli-Q water waso disperse, it seemed that the aggregation bettheeparticles
subjected to ultrasonic treatment and filteredugioa 0.45.M is irreversible. Particle aggregation also has begorted by
needle filter before measurement. Each data psiahiaverage Buitenhuis, gel permeation chromatography was lsettheir
of 3 measurement§ourier transform infrared spectroscopy (FTwork to purify the resulted particlés. However, the
IR) was used to determine the chemical bond stdttiseosamples. complicated purify processing is difficult to achéein large
FT-IR measurements were performed using KBr peligisa scale production.
Nicolet 4700 spectrometer (Thermo Fisher Scientifit the As Figure 2C showed, we supposed at basic pH, the
range of 400-4000 cth The morphology of the nanoparticlesdeprotonation of Si-OH (pi4.8) would generate negative
was examined using transmission electron microsd@@M) potential on the local area of SNP surface, whertes
with a Hitachi H-7100 microscope. Samples dispers®d protonation of amino group (pK11) would provide a strong
ethanol/ Milli-Q water were deposited on carbontedaCu positive charge. Consequently, the precipitatibrBNP may
grids and dried in aifThe fluorescence spectra were measuregainly cause by electrostatic attraction. Oncentheoparticles
on a fluorescence spectrophotometer (Hitachi F-1500 were precipitated, it was hard to be separated nagéo
circumvent this problem, ammonium and residual ngla
Results and discussion oligomers were removed by centrifugation in SNPpparation
process. Subsequently, acetic acid was used dystatestead

The Synthesis of pH Nanosensors
of agueous ammonia to inhibit the deprotonationSefOH.

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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Additionally, the increase of SNP surface chargethes pH
decrease (in the range of pH 3-8, Figuréd)Sdan do a favour
for particles dispersion. The investigation of SNA-, colloidal
stability in buffer with varies pH has confirmedraupposition.
SNP-NH, can be well dispersed in buffer at p61(Figure 2A
and B). When pH was increased to 8, large amount
precipitate has appeared; DLS results indicated paeicle
aggregation has already started at pH 7. Afterfigation by

centrifugation/redispersion SNP-NHwere well

cycles,

dispersed in water at pH 6.

E333 33
LB

Aggregated

e
&

Electrostatic Repulsion Dispersed

Figure 2 Photographs of SNP-MHlispersed in water at
different pH values (A), DLS results of SNP-Mt different

pH (B), schematic representation of the SNP;Niggregation

and dispersion in different environments (C).

PEGylation of SNP-NKLl was carried out by the mixing
PEG-silane precursor (Si-PEG) aqueous solutionSivE-NH,
suspension. The inherent imino groups in Si-PEGdcprovide
a basic environment (about pH 8) to catalyse thedensation
reaction. Thus, there was no need to add additioatdlyst.
After centrifugation/redispersion cycles for seveimes (5-8
times), the product changed from white dense pitat@ to
transparent jelly which could be easily dispersedater under
ultrasonic.

In the HA modification, activated HA was added tHPFS
NH, aqueous suspension (pH=6) directly at first. Unfoately,

This journal is © The Royal Society of Chemistry 2012
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a large amount of flocculated precipitate was fatme
immediately. After stirring overnight, no particleas observed

in the supernatant with DLS measurement. At pHh@, HA
was negatively charged caused by the hydrolysisaolboxyl
(pPK~2.9) while the SNP-NK was positively chargetf. we
gcluded that the electrostatic attraction betwébkh and
SNP-NH, is the cause of aggregation and precipitation of
reaction mixture. Thus, HA coating need to be penfd in
acidic environment and the pH must be lower than Bhibit
the deprotonation of carboxyl from HA. The previlyus
mentioned electrostatic attraction between HA amnnP-SIH,
was reduced. In the following experiments, HCI baen added
during the HA functionalization process. Finallyeldispersed
HA modified SNP was achieved with diameter 75 nm.

For the further function of fluorophore, two pH sdive
dyes and one reference dye were chosen to expamd th
measurement range of the sensor and cover thelullange
inside cells. The choice of the pH sensitive dyg&r®gon Green
and fluorescein, was based on their respectivevyaitiges of 4.7
and 6.4. These two dyes are thereby well suitecbt®r a pH
range from approximately pH 4.0-7.5 () when combined.

Rhodamine B was used as the reference dye.

Material Structural Characterization

Table 1 DLS measurements of nanoparticles (measated
25°C, pH=6).

Sample Size(nm) ¢(mv) PDI
SNP 31.1+1.2 -24.5+£2.7 0.117+0.041
SNP-NH, 57.9+2.1 40.8+3.2 0.181+0.062
SNP-HA 72.045.0 -25.5+1.8 0.173+0.032
4SNP-PEG 76.1+£3.9 16.8+4.0 0.196+0.016
® SNP-PEG 102.9+1.0 2.2+0.8 0.194+0.044

a The amount of PEG used in this sample is 15mg/mL.

b The amount of PEG used in this sample is 30mg/mL.

The specific surface area of SNP was calculateu fiee linear
part of the Brunauer—-Emmett-Teller (BET) plot reedhl67
m?g! (Table S1t and Figure S21). Dynamic light scatterin
(DLS) (Table 1 and Figure 3E) and transmission tedec
microscope (TEM) (Figure 3) were used for the moipby
characterizations of nanoparticles. From the DLSllts, the
primary SNP was negatively charged (-24.5 mV). dsvdue to

the SiO group on the particle surface what was generated b

J. Name., 2012, 00, 1-3 | 5
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the hydrolysis of Si-OH. After the SNP was functtimed with without hydration layer. Similar results have bedserved in
NH,, the particle was positively charged (40.8 mV),iskh other works® 3

demonstrated that the amine was successfully balttd8NP.
After modified with HA, the zeta potential reversedm 57.9
mV to -25.5 mV, which proved that HA was succedgful
coated on the nanoparticles. Because the slightlyatively
charged PEG can pull down the zeta potential obparticles,
the zeta potential (16.8 and 2.2 mV) of SNP-PEG \oaser
than SNP-NH. The zeta potential (2.2 mV) of high
concentration Si-PEG (a) used group was much Idtem the
low concentration group (b, zeta potential 16.8 m®Rfsitively
charged particles are internalized to a large éxpgncellsin
vivo due to electrostatic attraction to the negativakigirged cell

membrané® Besides, it would induce some undesired
interaction between the biological environment attke r S8
nanocarriers. Polymer modification could effectiwedduce the
positive potential. From the DLS results, the ditaneof

nanoparticle SNP and SNP-Mhvas 31.1 nm and 57.9 nm,

respectively. After polymer coating (HA and PEGHhet

diameter of SNP-HA and SNP-PEG (a) increased t0 aéd E h —=—SNP

76.1nm. When increase the dosage of PEG, the §i8N\PB- : %EEEEES;;;

PEG (b) increased to 102.9nm. 2] <~ SNP-PEG b
From the TEM microscopy, we can see that the dianft g 104

SNP (Figure 3A) and SNP-NHFigure 3B) was 20 and 25 nm, g 8

respectively. The TEM image shows the aminated pariities e

were aggregated, because the pH value of SNRPs\Bpension ‘]

for TEM was 7. After SNP-NKwas coated with HA and PEG Z : .

1000 10000

further, the diameter of SNP-HA (Figure 3C) and SREG
(Figure 3D) increased to 35 nm, which also proved HA and

PEG were successfully bounded to nanoparticlesrAftirface Figure 3 TEM images of SNP (A), SNP-MEB), SNP- HA (C),
modified, the shape of all particles (SNP-)NFENP-HA and SNP- PEG (D) and DLS measurement results (E).

SNP-PEG) are more spherical and smoother than SKPE.

Size

Infrared spectra of all the SNP (Figure 4) showidsip
bands of the silica framework between 1240 and 104t A
T ) ~ broad band at 3600-3100 ¢mis associated with adsorbed
between these two characterizations are believée the main . .
water and silanol groups at the surface, the \iimaat 1630

results of size from DLS were larger than that frGfEM.
Except for the slight particle aggregation, differerinciples

reason for this phenomenon. Generally, DLS studiesthe L ] )
i } ] cm™ indicates the bending modes of physisorbed wathe
hydrodynamic diameter of nanoparticles whereas TEM . o .
) o vibration at 1560cm indicates amino group have been
observes the morphological specificity of nanoptet in a . .
) ) ) . successfully introduced into the system. The PEGvEC) and
dried state. In this study, the hydrodynamic radaisSNP o ] )
HA (curve D) coated SNP show additional absorppeaks in

the range of 2980-2880 chattributed to the C-H stretching
modes of the methyl and methylene groups of themet

measured by DLS corresponds to the radius of tinsealeore,
plus the thickness of the hydration layer arisimanf the very

hydrophilic PEG and HA in nanoparticles surface.d®ptrast, ) ) ] )
chain, respectively. The C-H deformation mode isevbed at

TEM only provides the size of the nanoparticles idried state . . .
1451 cmt. C-O-C stretching and C-C skeletal vibrations are

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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covered by the intensive peak of the silica modethé range (logtlrs) represents the maximum emission intensity of the
of 1260-1100 cml. The curve C (SNP-N§} shows the nanosensor when excited at 488 nm agg fepresents the

carbonyl stretching vibration peak at 1680tm

243 — T Ny
TN

Absorbance
e

00 r
0 500

T T T T T 1
2000 2500 3000 3500 4000 4500

Wavenumber

T T
1000 1500

Figure 4 Infrared spectra of silica nanoparticNP (curve A),

maximum emission intensity of the nanosensor edcit543
nm. It showed that the fluorescence intensity of @l FS
increases with pH values, whereas the fluorescerteasities
of RhB are relatively constant in the investigafgdl interval.
Fluorescence intensity ratiog&tlra)/Irns Were plotted against
pH to obtain a pH calibration curve (Figure 5 C d&nd Even
though the polymer coating of the SNP changed ttlearge
greatly, the showed pKvalues of FS and OG were consistent
with their theoretical value and only a small charg the pH
measurement range was observed. The curves shosetiser
SNP-OG-FS-RhB-PEG is sensitive in a pH range frot8
7.4 (Figure 5C), and the range of sensor SNP-OGRRB-HA
is from pH 4.2 to pH 7.4 (Figure 5D). The reasontfos small

SNP-NH, (curve B), SNP-HA (curve C) and SNP-PEG (Curvgecrease in measurement range of HA coated seisorst

D).

pH-Sensing Capabilities

>
W

Fluorescence Intensity
Fluorescence Intensity

%0 2 o %0 0 0
Wavelength (nm)

D
Czu = i i
i 4
2
15, M
15
) )
g g
T T®
L
s
o [
4 5 6 7 A ‘ s L 7 L]
pH pH

Figure 5 Fluorescence spectra of pH nanosensodiffatent

pH values: SNP-OG-FS-RhB-PEG (A), SNP-OG-FS-RhB-H

(B); Fluorescence intensity ratio (OG+FS)/RhB vdd pf

nanosensors: SNP-OG-FS-RhB-PEG (C), SNP-OG-FS-Rh

HA (D), OG and FS were excited at 488 nm; RhB wested
at 543 nm.

The in vitro pH-sensing capabilities of our sensors wefdameter

determinated by fluorescence spectra at differdttvalues
(Figure 5A and B). From the fluorescence emissioecta of

the nanosensor fluorescence intensity maxima ofsphkitive

clear. It is likely that the vast carboxylic groupsported by
HA may change the fluorophore local environmerghly.

The Stability Assays

The behavior of the sensors investigated in waiel lauffer
(0.1M, pH range from 3.0 to 7.8) at r.t for up tav@eks, with
the aim of gaining new insights regarding of thesdymer
coated pH sensors. The nanoparticles were chamsdeby
DLS which was shown in Table 32 According to the
experimental results, polymer coated pH nanosesisowed a
remarkable stability in water and buffers. Aftempkén water
for one year at 4°C, the structure of nanopartielas basically
complete and the colloidal stability of sensors wstdl
satisfactory according to the TEM images and DLSuits
(Figure S4 and Figure SB which were desirable properties

for in vivo pH measurement.

gonduﬂons

PBr_eparation of colloidally stable SNP was a chajéedue to the
particle aggregation. With a simple and effectiveategy,
with atyic
from 76-100nm have been

polymer coated silica nanoparticles (SNP)
varied prepared
successfully. Three fluorescent dyes were conjupaith SNP
via covalent bound to build a ratio metric fluoresce pH
which can minimize the

sensor, leaching of dyesmfro

fluorophore and reference fluorophore were deteechin Nanoparticles. The dynamic pH measurement range was

This journal is © The Royal Society of Chemistry 2012

J. Name., 2012, 00, 1-3 | 7



New Journal of Chemistry

extended to pH 3.8-7.4 which could cover almost lhoj2
physiological conditions, especially the endosoipsbsomal

system. The polymer (methoxypolyethylene glycolsd an1
hyaluronic acid) modification offers the nanosensonarkable 14

colloidal stability which was crucial for living de

measurement. Furthermore, the nanosensors propdéesatial 15

way to study SNP internalization process and pldrim&tion in 16

cells.
17
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